Notes on the comparative ecology of Cottus bairdi and Cottus girardi in Naked Creek, Virginia by Matheson, Richard Edmond
W&M ScholarWorks 
Dissertations, Theses, and Masters Projects Theses, Dissertations, & Master Projects 
1979 
Notes on the comparative ecology of Cottus bairdi and Cottus 
girardi in Naked Creek, Virginia 
Richard Edmond Matheson 
College of William & Mary - Arts & Sciences 
Follow this and additional works at: https://scholarworks.wm.edu/etd 
 Part of the Fresh Water Studies Commons 
Recommended Citation 
Matheson, Richard Edmond, "Notes on the comparative ecology of Cottus bairdi and Cottus girardi in 
Naked Creek, Virginia" (1979). Dissertations, Theses, and Masters Projects. Paper 1539625052. 
https://dx.doi.org/doi:10.21220/s2-1pkc-h165 
This Thesis is brought to you for free and open access by the Theses, Dissertations, & Master Projects at W&M 
ScholarWorks. It has been accepted for inclusion in Dissertations, Theses, and Masters Projects by an authorized 
administrator of W&M ScholarWorks. For more information, please contact scholarworks@wm.edu. 
NOTES ON THE COMPARATIVE ECOLOGY OF COTTUS BAIRDI
u
AND COTTUS GIRARDI IN NAKED CREEK, VIRGINIA
A T h e sis  
P resen ted  to  
The F a c u l ty  of th e  D epartm ent of Biology 
The C o lle g e  of W illiam  and Mary in Virginia
In P a r tia l  F u lfil lm en t 
Of the  R equirem ents  for the  D egree  of 
M a s te r  of Arts
by
Richard Edmond M a th e so n ,  Jr.
APPROVAL SHEET
This t h e s i s  is  subm itted  in  p a r t ia l  fu lf i l lm en t of 
th e  req u irem en ts  fo r  th e  d eg ree  of
M a s te r  of Arts
w  ^ /L
Richard Edmond M a th e so n ,  Jr. *
A pproved , A ugust 1979
G arn e tt  R. B rooks, Jr.
J/IA ■
G regory  M ^ C a p e l l i  A /





LIST OF TABLES.........................................................   - v i i
LIST OF FIGURES..................................................... ....................................................  ix
LIST OF APPENDICES..................................................................................................  x i
ABSTRACT........................................................................................................................... x i i
IN T R O D U C T IO N ......................................... ................................................................. 2
DESCRIPTION OF STUDY AREA . . .  ......................................................... ...  9
METHODS AND MATERIALS...................................................................................... 20
DISTINGUISHING CHARACTERISTICS.............................................................  25
LENGTH FREQUENCIES, GONADAL MATURITY, AND SPAWNING . . 26
FOOD HABITS.  ........................ .............................................................................  35
INTRODUCTION..................................................................................................  35
OVERALL FOOD HABITS FOR EACH S P E C IE S .........................................  36
MONTHLY COMPARISONS................................................................. ...  41
SEASONAL COMPARISONS.......................................................................... 51
SUMMARY OF FOOD HABITS.....................................................................  66
CURRENT PREFERENCES.................................................................................. 73
MISCELLANEOUS HABITAT PREFERENCES.................................................  80
D IS C U S S IO N ..........................................................................................................  8 7




LITERATURE CITED . . .  ....................................................................................... 109
VITA........................................................................................................................................  118
ACKNOWLEDGMENTS
I th a n k  D r. G a rn e tt  R. Brooks, J r . , th e  cha irm an  of my th e s i s  
c o m m it te e ,  for h is  g u id an ce  during th i s  s tudy  and h is  a s s i s t a n c e  in 
th e  f ie ld .  I a l s o  th a n k  th e  o th e r  members of my com m ittee  D rs .  Gregory 
M. C a p e l l i  and M itch e ll  A. Byrd for g u id an ce  during my work and for 
rev iew in g  my m a n u sc r ip t .
S p e c ia l  th a n k s  go to  Dr. Robert E. Jenkins of Virginia Com m onwealth  
U n iv e rs i ty  who in troduced  me to  th is  problem and gave  me in v a lu ab le  a d ­
v ic e  on th e  id e n t i f ic a t io n  of Potomac d ra inage  s c u lp i n s .
This work co u ld  not have b een  com ple ted  w ithout th e  a s s i s t a n c e  of 
my wife R ebecca Law rence M atheson  who not only  to le ra te d  me during 
th is  period  of tim e bu t w as a l s o  my m ajor a s s i s t a n t  in the  f ie ld  and 
h e lp ed  in th e  draw ing of th e  f ig u re s .
F in a l ly ,  s e v e ra l  a d d i t io n a l  peop le  p rovided  a s s i s t a n c e  a t  va r io u s  
t im e s  during my w ork . D avid  R eed , D ave H a r tz b a n d ,  Dr. R. J. D ia z ,  and 
Dr. M. A. C h m ie lew sk i  provided s t a t i s t i c a l  a d v ic e .  George Van Dyke 
and Janet Goman a s s i s t e d  in lo ca t in g  sp ec im e n s  a t  the  U .S .  N a tio n a l  
M useum . Bland C row der and S teve H a s t in g s  he lp ed  in the  f ie ld  on d if fe r ­
en t o c c a s i o n s .  A s s is ta n c e  in in v e r te b ra te  id e n t i f ic a t io n  w as  provided by 
Katie K ow alsk i,  M arcia  Bowen, and  D r. J. F .  M a tta .  The m anusc rip t  w as 
ty p ed  by  Jane Kraft. In a d d i t io n ,  M ike M cC oid , George Sedberry , and
vi
Dr. J. D . M cEachran provided  a d v ic e  on v a r io u s  a s p e c t s  of my w ork.
My support  during th i s  s tudy  w as  provided by th e  Biology D epartm ent 
of th e  C o l le g e  of W ill iam  and  Mary and by my w ife .
LIST OF TABLES
Table Page
1 .  A l t i tu d e ,  D is ta n c e  from M o u th , D e p th ,  and  W id th
fo r  Each Sam pling S ta tion   ....................................................  12
2 .  The F i s h e s  of N aked  C re e k  .....................................................  15
3 .  The In v e r te b ra te s  of N aked  C r e e k ....................................................  16
4 .  S ize Ranges for Y o u n g -o f - th e -y e a r  C o t tu s  b a ird i  and
C o ttu s  g i r a rd i .............................   31
5 .  O v e ra l l  D ie t  of C o ttu s  b a i rd i  and  C o ttu s  g i r a r d i ........................   37
6 . M an n -W h itn ey  or K ru sk a l-W a ll is  T e s ts  of th e  S ig n if i ­
c a n c e  of D if fe re n c e s  in Num bers of Chironom id
Larvae E a ten  by C o ttu s  b a i rd i  and C o ttu s  g ira rd i  • * • 44
7 . M an n -W h itn ey  or K ru sk a l-W all is  T e s ts  of th e  S ig n if i ­
c a n c e  of D if fe re n c e s  in Num bers of C o p ep o d s
Eaten  by  C o ttu s  b a i rd i  and  C o ttu s  g i r a r d i ...........................48
8 .  M a n n -W h itn ey  or K ru sk a l-W a ll is  T e s ts  of th e  S ig n if i­
c a n c e  of D if fe re n c e s  in  Num bers of 
E phem erop te ran  Larvae Eaten  by  C o ttu s  b a ird i  
an d  C o t tu s  g i r a r d i .......................................................................  49
9 .  W in te r  D ie t O v er lap  b e tw e e n  C o ttu s  b a i rd i  and
C o ttu s  g i r a r d i ...................................................................................  54
10 . Spring D ie t  O v e r lap  b e tw e e n  C o ttu s  b a i rd i  and
C o ttu s  g i r a r d i .................................................................................... 59
11 . Summer D ie t  O v er lap  b e tw e e n  C o ttu s  b a ird i  and
C o ttu s  g i r a r d i .................................................................................... 63
12 . F a l l  D ie t  O v e r lap  b e tw e e n  C o ttu s  b a i rd i  and C o ttu s
g i r a r d i ................................................................................................  67
13 . C urren t p re fe re n c e  O v erlap  and  Chi Square P ro b a b il i t ie s
of th e  A bsence  of D iffe rence  in C urren t P re fe rence  
fo r  C o t tu s  b a i rd i  and  C o ttu s  g ira rd i  from S ta t io n s  
2 th rough  6 ........................................................................................ 77
v ii
Table
14. S u b s tra te  P reference  O verlap  fo r  C o ttu s  b a ird i  and 
C o ttu s  g ira rd i  from S ta tio n s  2 th rough  6. ,
LIST OF FIGURES
Figure Page
1 . M ap of Lower N aked  C r e e k ..................................................................  10
2 .  Length f r e q u e n c ie s  for b o th  s e x e s  of C o t tu s  b a ird i
an d  C o ttu s  g i r a r d i .................................................................................  27
3 .  O v e ra l l  le n g th  f r e q u e n c ie s  by  month for C o t tu s  b a ird i
an d  C o t tu s  g i ra rd i .  . . ........................................................... 28
4 .  L ength  f r e q u e n c ie s  fo r C o t tu s  b a i rd i  and C o ttu s  
g ira rd i  a t  S ta tio n  4 on A ugust 27 and  28 ,
1 9 7 7 ...........................................................................................   . 29
5 . M ean  d ia m e te r  of l a rg e s t  ova by  month fo r  fem ale
C o ttu s  b a i rd i  and  C o ttu s  g i r a r d i ...................................... 32
6 . M ean  num ber per  s to m ach  per m onth fo r  s e v e ra l  m ajor 
food item s in C o ttu s  b a i rd i  and
C o ttu s  g i r a r d i ...............................................................................  42
7 . M ajor w in te r  foods  of C o t tu s  b a i rd i  and  C o ttu s  g ira rd i
a s  p e rc e n t  f re q u e n c y  of o c c u r re n c e ,  p e rc e n t
t o t a l  n u m b er ,  and  p e rc e n t  f re q u e n c y  of o cc u rre n c e
a s  d om inan t i t e m ........................................................................... 5 2
8 .  M ajor sp ring  foods of C o ttu s  b a i rd i  an d  C o ttu s  g ira rd i
a s  p e rc e n t  f re q u e n c y  of o c c u r r e n c e ,  p e rc e n t
to t a l  num b er ,  and  p e rc e n t  f re q u e n c y  of o c c u r re n c e
a s  d om inan t i t e m ........................................................................... 5 6
9 .  M ajor summ er foods  of C o t tu s  b a i rd i  and  C o ttu s  g ira rd i
a s  p e rc e n t  f re q u e n c y  of o c c u r r e n c e ,  p e rc e n t
to t a l  num b er ,  and  p e rc e n t  f re q u e n c y  of o c c u r re n c e
a s  dom inan t i t e m ...........................................................................  60
10 . M ajo r  f a l l  foods  of C o ttu s  b a i rd i  and  C o ttu s  g ira rd i  a s  
p e rc e n t  f re q u e n c y  of o c c u r re n c e ,  p e rc e n t  t o t a l  
n u m b er ,  and  p e rc e n t  f re q u e n c y  of o c c u r re n c e  
a s  dom inan t i t e m ....................................................................... 64
ix
XFigure Page
11. P e rc e n ta g e s  of C o ttu s  b a ird i  and C o ttu s  g ira rd i
found a t  v a r io u s  cu rren t s p e e d s ................................................  74
12. P e rc e n ta g e s  of C o ttu s  b a ird i  and C o ttu s  g ira rd i
found on v a r io u s  s u b s t ra te  t y p e s .................................................. 81
13. P e rc e n ta g e s  of C o ttu s  b a ird i  and  C o ttu s  g ira rd i
found a t  v a r io u s  d e p t h s ..................................................................... 84
14. P e rc e n ta g e s  of C o ttu s  b a ird i  and C o ttu s  g ira rd i
found a t  v a r io u s  d i s ta n c e s  from th e  n e a re s t  shore  . . .  85
LIST OF APPENDICES 
A ppendix  Page
A. D e ta i l s  of C o l le c t in g  Trips to  N aked  C r e e k .............  105
B. Sample S izes  U sed  in M an n -W h itn ey  or K ruskal-
W a l l i s  T e s t s ....................................................................... 108
xi
ABSTRACT
The two s c u lp in s ,  C o ttu s  b .  b a ird i  and C o ttu s  g i r a r d i , c o e x is t  in 
N aked C re e k ,  V irg in ia . The purpose  of th is  s tu d y  w as  to  com pare the  
u se  of a v a i la b le  re s o u rc e s  by th e s e  two f i s h .  M ajor e m p h a s is  w as 
d i re c te d  a t  food h a b i ts  and h a b i ta t  p re fe re n c e s ;  spaw ning  and s iz e  d i f ­
f e re n c e s  were a l s o  ex am in ed .
The d ie t s  of th e s e  two s p e c ie s  w ere q u ite  s im ila r  but d if fe re n c e s  
d id  e x i s t  in the  im portance of s e v e ra l  food i te m s .  D ie ts  were com pared 
among s ix  f i s h  groups (m ales ,  f e m a le s ,  and im m atures of both  sp e c ie s )  
and  d if fe re n c e s  were a n a ly zed  on the  b a s i s  of f is h  s i z e ,  f i s h  h a b ita t  
p r e fe r e n c e s ,  and prey h a b i ta t  p re fe re n c e s .
T hese  same s ix  f i s h  groups were a l s o  com pared in the  a n a ly s is  of 
h a b i ta t  p r e fe re n c e s .  The h a b i ta t  w as  m ost o b v io u s ly  d iv ided  on the  b a s i s  
of cu rren t s p e e d .  A f a s t e r  cu rren t group c o n s is te d  of fem ale  and immature 
C . b a i r d i . w h ile  a s lo w er  or no cu rren t group c o n s is te d  of male and im­
m ature C .  g i r a r d i . F em ale  C . g ira rd i  ap p roached  the  form er group in 
cu rren t p r e fe r e n c e s ,  and  male C_. ba ird i  app roached  the  la t te r  g roup. 
F u rther  h a b i ta t  se g re g a t io n  w as seen  in preferred s u b s t ra te  ty p e ,  d e p th ,  
and d i s ta n c e  from sh o re .
C o ttu s  g ira rd i  w as la rger  during its  f i r s t  summer of life  than  w as 
C . b a ird i  and may re a c h  a la rger  maximum s i z e .  A lso , fem ale  C . g ira rd i 
m atured a t  a la rger  s i z e .
C o ttu s  b a ird i  spaw ned  under ro ck s  in cu rren t during M arch and April, 
but no C . g ira rd i  n e s ts  w ere fo u n d . Based on the  s iz e  d if fe re n t ia l  among 
young and th e  l i te ra tu re  concern ing  th e  c lo s e s t  r e la t iv e s  of C .  g i r a rd i , 
i t  was p o s tu la te d  th a t  C .  g ira rd i  p robably  spaw ned  e a r l ie r  th an  C . 
b a ird i  and probably  u t i l iz e d  a d iffe ren t spaw ning h a b i ta t .
x ii
INTRODUCTION
F is h e s  of th e  c ircu m p o la r  g en u s  C o ttu s  a re  o f ten  co n fu s in g ly  s im ila r  
in te rm s  of bo th  s y s te m a t ic s  and  e c o lo g y .  The s y s te m a t ic  com p lex ity  of 
th i s  g en u s  is  p e rh ap s  b e s t  s ta te d  by  Bailey and D im ick (1949): "Of a l l  
N orth American f r e s h -w a te r  f i s h e s ,  p robab ly  no group is  of more p o te n t ia l  
s ig n if ic a n c e  to  the  e v o lu t io n is t  th a n  is  th e  g en u s  C o t t u s . Among i t s  many 
form s co n v e rg en t  and  d iv e rg en t  ev o lu tio n  is  r i f e ,  g eo g rap h ic  v a r ia t io n  is  
o f te n  e x tre m e ,  and in d iv id u a l  v a r ia t io n  may be g r e a t .  The p a ra l le l  e v o ­
lu tio n  of a lm o s t  a l l  c h a ra c te r s  in d iv e rse  p h y le t ic  l in e s  re n d e rs  d if f ic u l t  
th e  r e c o g n i t io n  of n a tu ra l  a f f i n i t i e s .  C o ttu s  a p p e a rs  to  be a p la s t i c  g ro u p , 
and in a t tem p tin g  to  f i t  m orpho log ica l  v a r ia n ts  in to  an  o rderly  a rrangem ent 
th e  s y s t e m a t i s t  r e p e a te d ly  e x p e r ie n c e s  f r u s t r a t io n . "  S chu ltz  (1930) f in d s  
v a r ia t io n  in W a sh in g to n  s c u lp in s  to  be so  g rea t  b e tw e e n  s tream s  and w i th ­
in  s t r e a m s ,  th a t  he c o n c lu d e s  t h a t  many c h a ra c te r s  u se d  by ta x o n o m is ts  
a re  p robab ly  in v a l id .  Robins (1954) com m ents th a t  th e  id e n t i f ic a t io n  of 
v a r io u s  s p e c ie s  is  co m p lic a te d  by e x c e s s iv e  v a r ia t io n  w ith in  s p e c i e s .
This v a r ia t io n  o f ten  e x c e e d s  and m ask s  th e  d i f fe re n c e s  b e tw e e n  s p e c ie s  
w hen en tire  ran g es  are  c o n s id e re d .  Robins (1961) a l s o  m entions  th a t  it 
i s  ty p ic a l  of C o ttu s  th a t  a C .  b a ird i  s u b s p e c ie s  liv ing  sy m p a tr ic a l ly  w ith 
C .  b a i le y i  is  more d iv e rg en t  from C . b a ird i  (in o th e r  p a r ts  of i ts  range) in 
many c h a ra c te r s  th a n  is  C .  b a i le y i  (the s u b s p e c ie s  c a n  be  c o n n e c te d  to
C .  b a i rd i  by  in te rg rad in g  p o p u la t io n s ) .  As one might e x p e c t ,  the  e x i s te n c e
2
3of su ch  com plex  in te r re la t io n sh ip s  w ith in  a group of o rg an ism s  has  s tim u ­
la te d  th e  p u b l ic a t io n  of much s y s te m a t ic  l i te ra tu r e .  M ost of th a t  up to  
1954 is  rev iew ed  by  Robins (1954),and S trau ss  (1977) m en tions  many of th e  
more r e c e n t  p a p e r s .
In ad d it io n  to  th e ir  co n fu s in g  deg ree  of m orpho log ica l  s im i la r i ty ,  m ost 
C o ttu s  s p e c ie s  a l s o  have s im ila r  life s ty l e s .  They a re  u s u a l ly  b en th ic  
f i s h e s  of f r e s h -w a te r  lak es  and s tre a m s .  They are  p red a to rs :  m ost of 
them  consum e b e n th ic  in v e r te b ra te s  or sm all f i s h  (Scott and C rossm an  
1973; H ubbs and Lagler 1958; Eddy 1969).
Robins (1954, 1961) d e s c r ib e d  a new  member of th e  C o ttu s  c a ro l in ae  
group a s  C o ttu s  g ira rd i  (the Potomac scu lp in )an d  c o n s id e re d  it to  be e n ­
dem ic to  th e  Potomac River d ra in a g e .  One or p e rh ap s  two members of the  
C o ttu s  b a ird i  or "redfin"  g roup , C o ttu s  b .  b a ird i  (the northern  m ottled 
scu lp in )  and a form re la te d  to  C . co g n a tu s  (the s lim y s c u lp in ) ,  a l s o  occu r  
in  the Potomac d ra in a g e .
Savage  (1962) p la c e s  C . b a ird i  and C .  g ira rd i in synonymy b a se d  on 
b e h a v io ra l  e v id e n c e  p lu s  a reex am in a tio n  of the  c h a ra c te r s  u se d  by Robins 
in s e p a ra t in g  th e  two f i s h .  F urtherm ore , one of th e s e  c h a r a c te r s ,  the  
union  of th e  p reopercu lo m an d ib u la r  c a n a l s  in C .  g i r a rd i , i s  co n s id e re d  to 
be a common c h a ra c te r  in C .  b a ird i  by Bailey and Bond (1963).
S ev era l  a u th o r i t i e s ,  h o w ev er ,  do not a c c e p t  th is  synonym y. R. E. 
Jenk ins  and  B. B. C o l le t te  (pers .  com m .) ag ree  w ith  Robins ' co n ten tio n  
th a t_ C . g ira rd i  is  a v a l id  s p e c i e s . F ranz and Lee (1976) a l s o  d i s c u s s  th i s  
problem  and Lee e t  a l .  (197 6) (in u n p u b lish ed  addenda) make th e  fo llow ing 
com m ent: "As a r e s u l t  of fu r the r  s tu d y ,  we are  now co m p le te ly  conv inced
4t h a t  th e  Potomac s c u lp in ,  C o ttu s  g ira rd i  R ob ins ,  is  a v a l id  s p e c i e s . "  
R e c e n t ly ,  tw o w o rk e rs ,  S tra u ss  (1977, u n p u b lish e d  th e s i s )  and  M atthew s 
(unpub lished  m a n u sc r ip t) ,  h av e  co m p le ted  s y s te m a t ic  s tu d ie s  of C.. b a ird i  
and_C . crirardi. On th e  b a s i s  of bo th  b io c h e m ic a l  and  m orph o lo g ica l  e v i ­
d e n c e  b o th  of them  b e l ie v e  th a t  C .  g ira rd i  i s  a v a l id  s p e c i e s .  T hus ,  th e  
Potom ac River d ra in a g e  c o n ta in s  a t  l e a s t  tw o e c o lo g ic a l ly  s im ila r  s c u lp in s  
w h ich  might be  c o n s id e re d  p o te n t ia l  c o m p e t i to rs .
The l i te ra tu re  c o n ta in s  re c o rd s  of a t  l e a s t  15 s p e c ie s  in  th is  g enus  
o ccu rr in g  sy m p a tr ic a l ly  w ith  one  or more c o n g e n e rs  (Bailey and  Bond 1963; 
C ih a r  19 69; Robins and  M ille r  195 7; Crawford 1927; H ubbs 1920; Robins 
1954; P asc h  and  Lyford 1972), and th i s  l i s t  is  d o u b t le s s  in c o m p le te .
B ailey  and  Bond (1963) repo rt th a t  C_. co n fu su s  c a n  be  found liv ing  w ith
C . b a i r d i , C . c o g n a tu s ,  C . b e ld in g i , C . r h o th e u s , C . a s p e r ,  or C . 
a l e u t i c u s . In f a c t ,  C .  c o n fu su s  p lu s  th e  l a t te r  th re e  s p e c ie s  were a l l  
t a k e n  from one r iv e r  in  W a sh in g to n .  The e c o lo g ic a l  o v e r la p  in  th e s e  s i t u ­
a t io n s  v a r ie s  from a lm o s t  co m p le te  s e g re g a t io n  to  ap p a re n t ly  com ple te  
in te g ra t io n .  T h u s ,  th e  m em bers of th i s  g enus  make e x c e l le n t  s u b je c ts  for 
s tu d ie s  of c o m p e t i t io n ,  r e s o u rc e  p a r t i t io n in g ,  and r e la te d  s u b je c t s .
The fo rm ula tion  of th e  id ea  of co m p eti t iv e  e x c lu s io n  is  o f ten  a t t r ib u te d  
to  G a u se  (1934) b u t ,  a s  H arper  e t  a l .  (1961) in d ic a te ,  Darwin [ l8 5 9  (seen  
in 1886 ed it io n ]]  (among o th e rs )  had c o n c e iv e d  of th e  idea  much e a r l i e r .
A sh o r te n e d  v e r s io n  of H a rd in 's  (1960) s ta te m e n t  of th i s  p r in c ip le  would 
read  a s  fo l lo w s :  if tw o s p e c ie s  o ccu p y  e x a c t ly  th e  sam e n ic h e ,  are  sym - 
p a t r i c ,  and do no t m ultip ly  a t  e x a c t ly  th e  sam e r a t e ,  th en  the  one 
m u ltip ly ing  a t  th e  s lo w er  ra te  w il l  e v e n tu a l ly  be r e p la c e d  by  i ts  neighbor
5and  becom e e x t in c t .  Since th e  l a s t  co n d it io n  would se ldom  be met in 
n a tu re  and s in c e  th e  "compound in te re s t"  e f fe c t  of Hardin (1960) should  
make e x t in c t io n  a f a i r ly  rap id  e v e n t ,  th e  s p e c ie s  th a t  one f in d s  c o e x is t in g  
to d a y  (exclud ing  th o s e  env ironm en ts  re c e n t ly  a l te re d  by  man) shou ld  no t 
be  occu p y in g  e x a c t ly  th e  sam e n ic h e .  T h u s ,  if two forms are  no t m em bers 
of th e  sam e gene  p o o l ,  th en  th e y  m ust be p a r t i t io n in g  th e  a v a i la b le  r e ­
s o u rc e s  in some m anner (excluding  the  u n lik e ly  p o s s ib i l i ty  th a t  the  q u a n ­
t i ty  of a l l  r e s o u rc e s  is  u n lim ited ) .  E co lo g ica l  e v id e n c e  on th e  o v e r la p  in 
r e so u rc e  u s e  b e tw een  sym patr ic  c o n g en e rs  c a n ,  th e re fo re ,  be of u se  to  th e  
s y s te m a t i s t  (Kohn and O rians  1962).
This c o n c e p t  is  n o t ,  h o w ev e r ,  a c c e p te d  by a l l  e c o lo g ic a l  th e o r is t s  
a s  a u s e fu l  fram ew ork for th e  s tu d y  of com para tive  eco lo g y  (Birch and 
Ehrlich  1967). These  au th o rs  s t r e s s  th e  c i rc u la r  na tu re  of e x p la in in g  p re ­
s e n t  r e so u rc e  p a r t i t io n in g  on th e  b a s i s  of p a s t  com petit ion  and  th en  
re fe rr ing  to  th is  r e so u rc e  p a r t i t io n in g  a s  proof of th e  e x is te n c e  of p a s t  
c o m p e t i t io n .  N e v e r th e le s s ,  d e s p i te  the  fa c t  th a t  th e  co m p e tit iv e  e x c lu ­
s io n  p r in c ip le  may not be s u b je c t  to  r igorous  p roof, c lo s e ly  r e la te d  s p e c ie s  
l iv ing  in th e  same a re a  do te n d  to  p ar t it ion  the  a v a i la b le  r e s o u rc e s  (Kohn 
and  O rians  1962).
M any e q u a t io n s  for c a lc u la t in g  th e  d eg ree  of o v e r lap  in r e so u rc e  use  
b e tw e e n  s p e c ie s  a re  p re se n te d  in the  l i te ra tu re  (Horn 1966; C o lw e ll  and 
Futuyam a 1971; Sale 1974; H urlbert 1978). As th e  la t te r  two au th o rs  in d i­
c a t e ,  h o w ev er ,  th e s e  in d ic e s  ca n  on ly  m easure  o v er lap  in re so u rc e  u se  and 
not co m p eti t io n  (u n le ss  th e  v a r ia t io n  in ab u n d an ce  of n eed ed  r e so u rc e s  
i s  ta k e n  into a c c o u n t) .  This f a c t ,  n e v e r th e l e s s ,  d o es  not n e g a te  the
6u s e fu ln e s s  of su c h  m e a su re s  in s tu d ie s  d e s ig n e d  on ly  to  d e m o n s tra te  th e  
p r e s e n c e  or a b s e n c e  of r e so u rc e  p a r t i t io n in g .
M any re s e a rc h e r s  have  p u b l ish e d  s tu d ie s  of c o m p e ti t io n  and  re so u rc e  
p a r t i t io n in g .  S choener (1974) re v ie w s  and  g iv e s  ex am p les  of t h e s e  w o rk s .  
Such s tu d ie s  invo lve  a w ide range  of o rg a n ism s ,  and s e v e ra l  r e c e n t  o n es  
d e a l  w ith  f i s h e s  ( e .g .  , Zare t and  Rand 1971; W erner  1977; W ern e r  and 
H a ll  1976; W erner  e t  a l .  1977; Ross 1977; M en d e lso n  1975; M cEachran 
and M artin  1977; Keast 1977; N u rsa l l  1974; G ibbons and  G ee  1972).
M o st s tu d ie s  on the  g en u s  C o t tu s ,  h o w ev er ,  h ave  not d e a l t  d i re c t ly  
w ith  th i s  p rob lem . M any s tu d i e s ,  su ch  a s  th o se  of Ebert and Summerfelt 
(1969) and C ra ig  and  W e lls  (1976), co n ce rn  food h a b i ts  or o th e r  a s p e c t s  
of th e  ec o lo g y  of s in g le  s p e c i e s .  Those s tu d ie s  w hich  do com pare  re so u rc e  
u s e  in sym patr ic  s c u lp in s  in c lu d e  M ason  and  M ach idori (1976) (C o ttu s  
a l e u t i c u s  and  C . a s p e r  in B ritish  C o lum bia) ,  P asch  and  Lyford (1972) (C. 
p e rp le x u s  and  C .  rh o th e u s  in  O regon),  and N orthco te  (1954) (C. a s p e r  
and  C .  rh o th e u s  in B ritish  C o lu m b ia ) .  Perhaps  th e  m ost e x te n s iv e  s tu d ie s ,  
h o w e v e r ,  a re  th o se  of A n d reasso n  (1968, 196 9 a , 1969b , 197 2 a , 1972b , 
1973), S tarm ach (1962, 1970 , 1971 , 1972), and C ih a r  (1969) w hich  com ­
pare  th e  e c o lo g ie s  of C .  gobio  and  C .  p o e c i lo p u s  in Europe.
As m en tioned  by Robins (1961) th e  u n c e r ta in ty  of th e  taxonom ic  s i t u ­
a t io n  m akes  it  im p o ss ib le  to  a l lo c a te  p rev ious  re fe re n c e s  on Potomac 
d ra in a g e  s c u lp in s  to  any  one s p e c i e s .  T herefo re ,  very  l i t t le  e c o lo g ic a l  
d a ta  a re  a v a i la b le  for C . g i ra rd i .  Robins (1954, 1961) s ta t e s  th a t  the  
Potomac s c u lp in  o c c u rs  w ith  C .  b a ird i  in " c le a r  w a te r  r i f f l e s .  " He d o es  
m en tio n ,  h o w e v e r ,  th a t  C .  g ira rd i  is  g e n e ra l ly  more to le ra n t  of warmer
7d ow nstream  co n d i t io n s  th an  is  C .  b a i r d i . Savage (1963) n o t ic e s  no d if fe r ­
e n c e s  in b reed in g  b e tw een  th e  tw o s p e c ie s ,b u t  th e re  is  some doubt abou t 
th e  id en tify  of h is  sp e c im e n s  (Jenkins p e r s . com m .; M ath e so n  p e r s .  o b s . ) .  
S tra u ss  (1977) c i t e s  d if fe re n c e s  in th e  w idth  of th e  vom erine to o th  p a tc h ,  
th e  len g th  of the  p re m a x il la ,  and  th e  leng th  of th e  head  a s  p o s s ib le  e v i ­
d e n c e  of re so u rc e  p a r t i t io n in g  in te rm s  of food u t i l i z a t io n .  He a l s o  n o te s  
th a t  g re a te r  p e c to ra l  f in  area  in C .  g ira rd i  and th e  la rg e r  num ber of la te ra l  
line  po res  and  d e e p e r  c a u d a l  p e d u n c le  in C .  b a ird i  may be r e la te d  to  
d i f fe re n c e s  in m ic ro h a b ita t .  M atthew s (pers .  com m .) n o t ic e s  a te n d en cy  
for C .  b a ird i  to  o c c u r  in r i f f le s ,w h i le  C .  g ira rd i  is  more common in 
d e e p e r  a r e a s  be low  r i f f l e s .
The e c o lo g ic a l  reg u irem en ts  of C o ttu s  c a r o l in a e , C .  g i r a rd i1 s c l o s e s t  
r e l a t iv e ,  may or may not be s im ila r  to  th o se  of C .  g i r a r d i . The few 
re fe r e n c e s  on the  eco lo g y  of C .  c a ro l in a e  ( e .g .  , C raddock  1965; M inck ley  
1963; M inck ley  e t a l .  1963; Small 1975; Robins 1961; W ill iam s  and Robins 
1970; B lan k en sh ip  and Resh 1971) m ay , th e re fo re ,  be of in te re s t  in th is  
s tu d y .
R efe ren ces  do e x is t  on th e  eco lo g y  and life  h is to ry  of C . b a ird i  
p o p u la t io n s  in many d iffe ren t  a r e a s  (excluding the  Potomac d ra in a g e ) .
Such s tu d ie s  in the  e a s te rn  U nited  S ta te s  inc lude  F ish  (1932) in Lake 
E r ie ,  Koster (1937) and D aiber  (1956) in New York, Turner (1922) and 
Dow nhow er and Brown (1977) in O h io , Coffman e t  a l .  (1971) and W alker  
(1975) in P e n n s y lv a n ia ,  Burton and Odum (1945) in V irg in ia , and  Addair 
(1945) in W e s t  V irg in ia . In th e  c e n t r a l  United S ta te s  C .  b a ird i  has  b een  
s tu d ie d  by A nderson and Smith (1971) in Lake Superior; A nderson (1975)
8in I l l in o is ;  Reighard (1915), Smith (1922), Hann (1927), G re e le y  (1932), 
and  M anion  (1977) in M ich igan ; Surber (1920, c i te d  by B ailey  1952) and 
D in een  (1951) in M in n eso ta ;  and  P ea rse  (1918), Ludwig and  Norden (1969) 
and Ludwig and Lange (1975) in W is c o n s in .  In the  w e s te rn  U nited  S ta te s  
t h i s  s p e c i e s  h a s  b e e n  s tu d ie d  by  B ailey  (1952) and  M cC leav e  (1964) in 
M o n ta n a ,  Bond (1963) in O regon , Zarbock (1952) in U tah ,  P a tten  (1971) 
in  W a s h in g to n ,  and  Simon and Brown (1943) in W yom ing. In a d d i t io n ,  
H allam  (1959) and Emery (1973) d i s c u s s  t h i s  s p e c ie s  in O n ta r io .
The pu rp o se  of th e  p re se n t  r e s e a r c h  is  to  com pare the  u s e  of e n v iro n ­
m en ta l  r e s o u rc e s  by C o ttu s  g ira rd i  and  C .  b .  b a ird i  in N aked C re e k ,  
V irg in ia .  The r e s o u rc e s  of food and  liv ing  s p a c e  w il l  be e m p h a s iz e d .  
N o tes  w il l  a l s o  be p re se n te d  on th o s e  c h a ra c te r s  w hich  proved m ost u s e ­
fu l  in  th e  s e p a ra t io n  of th e s e  tw o s p e c i e s .
DESCRIPTION OF STUDY AREA
N aked  C re e k  form s a portion  of th e  bo rder  b e tw e e n  Page and R ocking­
ham c o u n t ie s  in n o r th - c e n t r a l  Virginia (F ig . 1). It o r ig in a te s  in the  
S h en andoah  N a tio n a l  Park on th e  w e s te rn  s lo p e  of th e  Blue Ridge M oun ta ins  
and  f lo w s  in to  th e  South Fork of th e  S henandoah  River w hich  is  part of the  
Potomac River d ra in a g e .  The w a te r  h a s  th e  c la r i ty  th a t  is  ty p ic a l  of th e  
rocky  s u b s t r a te  s tream s  in th i s  m ounta inous  a r e a ,  and a q u a t ic  l ife  is  
a b u n d a n t .  This p ic tu re sq u e  s tream  is  n o t ,  h o w ev e r ,  u n touched  by hum an­
i ty .  In th e  a rea  co v ered  by  th i s  s tu d y  th e  surrounding  c o u n try s id e  is  
g e n e ra l ly  p a s tu re  and  farm land w ith  a few  s c a t te re d  hom es and sm a ll  s to re s  
a long  th e  c r e e k  b a n k .  At l e a s t  some of t h e s e  hom es and s to re s  have  o u t ­
door t o i l e t s  w h ich  a re  lo c a te d  qu ite  c lo s e  to  th e  s tre a m . T h e re fo re ,  one 
co u ld  a s su m e  th a t  a g r ic u l tu ra l  runoff and  o u th o u se  s e e p a g e  e n te r  th e  
s tream  on o c c a s io n .  T hese  s u b s ta n c e s  cou ld  be  co n tr ib u tin g  f a c to r s  in 
th e  e x c e s s iv e  grow th  of f i la m e n to u s  a lg a e  during  th e  warm er m o n th s .
Large am ounts  of ga rb ag e  in th e  form of c a n s ,  b o t t l e s ,  c a rd b o a rd ,  p a p e r ,  
and o th e r  i tem s are  a l s o  p re se n t  in th e  s tre a m ,  e s p e c ia l ly  in the  v ic in i ty  
of b r id g e s  w hich  c r o s s  th e  c r e e k .  In a d d i t io n ,  many a r e a s  of the  s tream  
have  b e e n  c h a n n e l iz e d .
C ad y  (1936) d e s c r ib e s  th e  g eo lo g y  of th e  a rea  surrounding  N aked  
C re e k .  The s tream  o r ig in a te s  in P recam brian  c ry s ta l l in e  ro ck s  and flow s
th rough  C am brian  s a n d s to n e s ,  s h a le ,  d o lo m ite ,  q u a r t iz i t e ,  and l im e s to n e .
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F ig .  1 . Map of lower N aked C re e k ,  Virginia (adapted  from Elkton East 
Q u a d ra n g le ,  V irg in ia . U .S .  D ep t,  of In te r io r ,  G eo l.  Survey , 
1972: 7 .5  M inute S e r ie s ) .  C irc led  num bers in d ic a te  th e  lo ca tio n  




A ccord ing  to  H arris  (1972) a sam p le  from an  o u tc ro p  of th e  Erwin Form ation  
a lo n g  N aked  C re e k  had  th e  fo llo w in g  c h e m ic a l  c o m p o s i t io n :  Si02 -  9 9 .3 % ,  
A l2O 3 - 0 . 3 % ,  F e 2O 3 - 0 . 5 9 % ,  C a - 0 . 0 1 % ,  M g O - 0 .0 1 % ,  K 2 O - 0 .7 % ,  and  
N a 2O - 0 .0 3 % .
F ig .  1 i s  a map of th e  s e c t io n  of N aked  C re e k  co v e re d  by  th i s  s tu d y .  
Sam pling w a s  g e n e ra l ly  l im ited  to  a 30 to  60 m s e c t io n  of s tream  a t  e a c h  
s t a t i o n .  S ta t io n s  1 th ro u g h  6 a re  lo c a te d  w ith in  a fou rth  o rd e r  s tream  
se g m e n t w h e re a s  S ta tio n  7 i s  in  a th ird  o rd e r  seg m e n t (as d e f in ed  by 
S trah le r  1 9 5 4 , 1957 in  Beaumont 1975). Table  1 g iv e s  th e  a l t i t u d e ,  th e  
d i s t a n c e  from th e  c r e e k  m ou th , sam pling  d e p th s ,  and  s tream  w id th s  for 
e a c h  s t a t i o n .  The s tream  g ra d ie n t  a v e ra g e s  9 .8  m /km  o v e r  th e  sam pling  
a r e a .
F low  volum e and w a te r  te m p e ra tu re  c h a n g e d  c o n s id e ra b ly  during  th e  
s tu d y .  In th e  low w a te r  pe r io d  of A ugust 1976 , S ta tion  7 w as  re d u c e d  to
o
one  pool of ap p ro x im a te ly  40 m w ith  dry s tream  bed  o c c u rr in g  b o th  u p -  
and d o w n s tre a m . Flow  v o lu m es  a t  S ta tion  5 (m easured  by  th e  m ethod of 
D a v is  1938 in H ynes  1970) v a r ied  from 0 .0 5  m ^ / s  in  S ep tem ber 197 6 
to  1 .6 7  m ^ / s e c  in N ovem ber 1976 . W a te r  te m p e ra tu re s  ranged  from 0 C 
in F eb ru a ry  1977 (when m uch of th e  s tream  w as  co v e re d  by  ice)  to  2 7 .2  C 
in July 1976 . D a ily  te m p e ra tu re  v a r ia t io n s  w ere  a s  g re a t  a s  6 C a t  one 
s t a t i o n .  A lso ,  th e re  w a s  g e n e ra l ly  a te m p e ra tu re  d if fe re n c e  of a few  d e ­
g re e s  b e tw e e n  th e  mouth and  th e  u p s tream  s t a t i o n s .
A v a r ie ty  of c u rren t  and  s u b s t r a te  ty p e s  a re  p r e s e n t  a t  m ost s t a t i o n s .  
U s u a l ly  t h e s e  ra n g e  from m o d e ra te -  o r  f a s t - f lo w in g  r i f f le s  w ith  c le a n  
c o b b le  and  b o u ld e r  s u b s t r a te s  to  s lo w -f lo w in g  or d ead  a r e a s  w ith
TABLE 1
ALTITUDE, DISTANCE FROM STREAM MOUTH, SAMPLING DEPTHS, AND 
STREAM WIDTHS FOR SAMPLING STATIONS.
S ta tion A ltitude 
(m above  
s e a  leve l)
D is ta n c e  from 
mouth 
(km)
Sam pling d e p th  
ran g e  
(cm)
Stream  w id th  
range  
(m)*
1 274 0 1 5 -4 0 4 -8
2 274 0 .3 1 3 -2 4 18
3 280 0 .5 1 0 -4 0 - -
4 287 1 .6 4 -5 0 5 -3 0
5 305 3 .8 3 -50 8-18
6 314 5 .4 3 -1 0 0 1 0 -1 4
7 354 8 .2 4-65 5-16
* M e a su re d  a t  th e  e x a c t  lo c a t io n s  of in d iv id u a l  s a m p le s .
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a c c u m u la t io n s  of s i l t  and  d e b r i s .  The form er i s  u s u a l ly  do m in an t in  te rm s 
of s tre a m  a r e a .  O ne n o ta b le  e x c e p t io n  to  t h i s  ru le  i s  S ta t io n  2 . This is  
a m o d era te  to  s lo w ,  w id e ,  f la tw a te r  s e c t io n  of s t r e a m .  Sam pling  a t  t h i s  
s t a t i o n ,  h o w e v e r ,  w a s  c o n f in e d  to  a narrow  s tr ip  a lo n g  th e  n o r th  b a n k .
This  s tr ip  w a s  o c c u p ie d  by  a la rg e  b ed  of Elodea s p .  in warm w e a th e r .
The ty p e  of sh o re l in e  a l s o  v a r ie s  from s ta t io n  to  s t a t i o n .  At S ta t io n
1 th e  so u th  b a n k  c o n s i s t s  of a sm a l l  d e l ta  w ith  low h e rb a c e o u s  v e g e ta t io n  
a t  th e  m outh and  a mud c l i f f  b a c k e d  b y  d e c id u o u s  t r e e s  a l i t t l e  fa r th e r  
u p s t r e a m .  Behind th e s e  t r e e s  i s  an  a b a n d o n ed  farm w hich  e x te n d s  u p ­
s tream  to  S ta tio n  2 . The north  sh o re  a t  S ta tion  1 is  a b e a c h - l i k e  f lo o d p la in  
w ith  h e rb a c e o u s  v e g e ta t io n  and  sm a ll  w illo w s  and  s y c a m o re s .  At S ta tion
2 th e  so u th  shore  is  l in ed  w ith  t a l l ,  o v e rh an g in g  t r e e s  and th e  n o r th  shore  
is  a s m a l l ,  s te e p  b a n k  c o v e re d  w ith  low v e g e ta t io n  and  b a c k e d  by  a p a s ­
tu r e .  Both b a n k s  a t  S ta tio n  3 a re  h ig h ,  s t e e p ,  and  s trew n  w ith  b o u ld e r s .  
Low sh ru b s  and  w e e d s  o c c u r  among th e s e  r o c k s .  The so u th  b an k  a t  
S ta t io n  4 is  a g e n t le  s lo p e  w ith  a few  s c a t te r e d  b o u ld e rs  and  h e rb a c e o u s  
v e g e ta t io n .  The no r th  b a n k  is  s te e p e r  w ith  h e rb a c e o u s  v e g e ta t io n  grow ing 
to  th e  w a te r l in e  b a c k e d  by  a row  of t a l l  t r e e s  and a few  h o m e s .  Both b a n k s  
a t  S ta t io n  5 a re  fa i r ly  s im ila r  to  th o s e  a t  S ta tio n  4 w ith  th e  e x c e p t io n  th a t  
p a s tu r e s  and  th e  re m a in s  of a b u rn e d -o u t  s to re  a re  ju s t  b eh in d  th e  c r e e k  
b a n k .  At S ta t io n s  6 and  7 th e  s tream  is  c h a n n e le d  th ro u g h  p ip e s  b u i l t  in to  
c o n c re te  b r id g e s  ( th ese  co u ld  b e  a c o n s id e ra b le  b a r r ie r  to  f i s h  m ovem ent 
w hen  th e  w a te r  le v e l  f a l l s  b e low  th e  d ow nstream  mouth of th e  p ip e s ) .
Both b a n k s  a t  S ta tion  6 c o n s i s t  of ro c k s  m ixed w ith  h e rb a c e o u s  g ro w th .
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O pen  f ie ld s  a re  b e h in d  th e  s tream  b a n k s  on th e  north  s h o re ,  and  a h o u se  
t r a i l e r  on  c le a r e d  land  o c c u p ie s  th e  a re a  on th e  so u th  sho re  u p s tre a m  from 
th e  b r id g e .  The s tream  i s  h e a v i ly  sh a d e d  by  o v e rh an g in g  t r e e s  on  th e  
u p s tre a m  s id e  of th e  b r id g e  a t  S ta tion  7 . Below th e  b r id g e  th e  so u th  
sh o re  c o n s i s t s  of w e e d s  and  a few  t r e e s  b a c k e d  b y  a sm a ll  f ie ld  and  an  
a b a n d o n e d  h om e. The n o r th  shore  is  a ro c k y ,  w e e d e d  b a n k  b e tw e e n  th e  
c r e e k  an d  th e  ro a d .
In th e  w arm er m onths  a q u a t ic  and  s e m i- a q u a t ic  p la n ts  form a m ajor 
h a b i ta t  t y p e .  Th ick  b e d s  of f i la m e n to u s  a lg a e  a re  p r e s e n t  a t  m ost s t a ­
t io n s  in th e  summer and  a t  some s ta t io n s  e v e n  in th e  w in te r .  E ncrus ting  
a lg a e  is  p r e s e n t  th ro u g h o u t th e  y e a r  on m ost s u r fa c e s  th a t  a re  e x p o se d  to  
s u n l ig h t .  E lodea s p .  o c c u r s  a t  S ta t io n s  2 and  4 and P otam ogeton  s p .  
o c c u r s  a t  S ta t io n  4 .  Em ergent s e m i-a q u a t ic  p la n t s  a re  p rom inent a t  
S ta t io n s  1 and  4 .
T a b le s  2 and  3 l i s t  th e  f i s h e s  and  in v e r te b ra te s  of N aked  C re e k .  I 
shou ld  po in t ou t t h a t  f i s h  c o l le c t in g  m ethods w ere a im ed  a t  s m a l l ,  s low  
b e n th ic  f i s h e s  a n d ,  th e r e fo r e ,  g roups  su ch  a s  th e  c e n t r a c h id s ,  s a lm o n id s ,  
and  c a to s to m id s  a re  p robab ly  u n d e r re p re s e n te d  in my c o l l e c t io n s .  
N e v e r t h e l e s s ,  o b v io u s  c h a n g e s  ta k e  p la c e  in th e  f i s h  com m unity  a s  one 
p ro c e e d s  from th e  mouth to  S ta tion  7. The in v e r te b ra te  s a m p le s  w ere 
random  and  n o n - q u a n t i t a t i v e .
TABLE 2
FISHES COLLECTED AT EACH STATION*
S p e c ie s S ta t io n s :  1 2 3 4 5 6 7
R h in ich th v s  a t r a tu lu s X X X X X X X
C o ttu s  b a i rd i X X X X X X X
C o ttu s  q ira rd i X X X X X X X
E theos tom a f la b e l la re X X X X X X X
R h in ich th v s  c a ta r a c ta e X X X X X X
I c ta lu ru s  n a ta l i s X X
C a to s to m u s  com m erson i X
N otu rus  s p . X
Lepom is m a c ro ch iru s X
M icro p te ru s  sa lm o id e s X
E xog lossum  m ax ilin g u a X X X
P im ep h a le s  n o ta tu s X X
A m blop lites  ru p e s t r i s X X
N otrop is  s p i lo p te ru s X
S em otilu s  c o rp o ra l is X
M ic ro p te ru s  d o lom ieu i X X
N ocom is  l e p to c e p h a lu s X X X
H ypen tilium  n ig r ic a n s X
N o tro p is  c o rn u tu s X X
C lin o s to m u s  fu n d u lo id e s X X
C h ro so m u s  ore a s  x
U n id e n tif ie d  young sa lm on id  x
i d e n t i f i c a t i o n s  of a l l  s p e c ie s  (with th e  e x c e p t io n  of th e  tw o sc u lp in s )  
a re  b a s e d  on k ey s  found in  Blair e t  a l .  (1957), Eddy (1969), and Loos e t  
a l .  (1972).
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TABLE 3
NAKED CREEK INVERTEBRATES 
(*den o tes  g ro u p s  in c lu d e d  in  th e  d ie t  of s c u lp in s )
C n id a r ia  (C o e len te ra ta )  
Hydro zoa 
Hydra s p .  * 
P la ty h e lm in th e s  
T u rb e lla r ia  
T r ic lad id a  
P la n a r iid a e *
Cura fo rem an ii  ? 
P h ag o ca ta  s p .  
N em atoda*
M o llu sc a  
Ga s tro p o d a  
C te n o b ra n c h ia ta  
V iv ipar idae  
L iop lax  s p .  * 
V iv iparus  s p .  
Pulm onata  
L ym naeidae 
Lymnaea s p .  
P h y s id a e  
Physa s p . * 
P lan o rb id ae  
H e liso m a  s p . * 
A nnelida  
H irud inea  
O lig o c h a e ta  
P le s io p o ra *  
P rosopora*  
L um bricu lidae  
Arthropoda 
C h e l ic e r a ta  
A rachnida 
A cari*
M an d ib u la ta
C ru s ta c e a
B ranchiopoda
C la d o rc e ra
C h y d o rid ae*
O s tra c o d a *
C opepoda
C y c lo p o id a*
M a la c o s t r a c a
Amphipoda*
D ecap o d a
A s ta c id a e
C am b ar in ae*
O rc o n e c te s  (O rconec tes)  sp
In se c ta
C o leo p te ra
A dephaga
D y t is c id a e
H ydroporinae*
H a lip l id a e
P e l to d y te s  s p . *
G yrin idae  
D in eu tu s  s p .  *
Polyphaga
C h ry so m e lid a e *
Elm idae
H y droph ilidae*
C ym biodyta  s p .
D ryop idae  







C hironom idae  
T anypod inae  
P en tan eu ra  s p .  *
Pe lo n ae*
T ip u lid ae  
A ntocha s p .  *
Tipula s p .  *
C e ra to p o g o n id a e
H e le in a e *
B rachycera  
D o lic h o p o d id a e  *
Em pididae 
R o ed e ro id es  s p . *
M u sc id a e *
R hag ion idae  
A therix  v a r ie g a ta  
E phem eroptera  
N eo ep h m erid ae  
N eoephem era  s p .
B ae tid ae  
C en tro p ti lu m  or C lo eo n  s p .  ? 
P se u d o c lo e o n  s p .  *
C a e n id a e  
C a e n is  s p . *
E p h e m e re l l id ae  
E phem ere lla  (E p h e m e re l la ) s p .*  
Ephem ere 11a (P ru n e l la ) s p .*  
E phem ere lla  (S e ra te l la )  s p .*  
H e p ta g e n i id a e  
Epeorus  (Iron) s p .*
Stenonem a s p .  *
S ten ac ro n  s p .  *
L e p to p h le b i id a e  
P a ra le p to p h le b ia  s p . * 
P o ly m ita rc id ae  
Ephoron leukon  
P o tam an th id ae  
P o tam an thus  s p .  *
E phem eridae  
H ex ag en ia  (H ex ag en ia )  s p .
S ip h lo n u rid ae  
Is  o n y ch ia  s p .  *
A m eletus  s p .  *
S iph lo n u ru s  s p . * 
T rico ry th id ae  
T r ico ry th o d es  s p .  * 
H em iptera  
B e lo s to m a tid ae  
B elostom a s p .
Mega lop te ra  
C o ry d a l id a e  
C o ry d a lu s  s p .
S ia l id a e  
S ia l is  s p .  *
O donata  
A n isop te ra  
A e sh n id ae  
B a s ia e s c h n a  ia n a ta  
G om phidae 
D rom ogom phus s p o l ia tu s *  
L an thus  a lb i s ty lu s  
Zygoptera 
C o e n a g r io n id a e *
P leco p te ra  
F i l ip a lp ia  
N em ouridae  
Nemoura s p .
C a p n i id a e
A llo cap n ia  s p .  * 
P te ro n a rc id a e  
P te ro n a rcy s  s p .  *
Ta en  io p te ry  g ida e 
Ta e n io p te ry x  s p .  
S e t ip a lp ia  
P erlidae  
A croneuria  s p .  *
P e r le s ta  s p .  *
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TABLE 3
T ricop te ra  
G lo s s o s o m a t id a e  
G lo s so s o m a  s p .  * 
Hydro p s y c h id a e  
C h e u m a to p sy c h e  s p .  
H y d ro p sy ch e  s p . * 
Hydro p t i l id a e  
A qray lea  s p .*
H ydrop tila  s p . * 
O x y e th ira  s p .  * 
L e p to c e r id a e  
M y s ta c id e s  ? s p .  
O e c e tu s  s p .
S e to d e s  s p . * 
L e p id o s to m a tid a e *  
O d o n to c e r id a e  
P s i lo tre ta  s p .  * 
L im neph ilidae  
N eo p h y lax  s p .  
P y cn o p sy ch e  s p .  
P o ly cen tro p o d id ae  
P o ly cen tro p u s  s p .  *
(Continued)
METHODS AND MATERIALS
D e ta i l s  of e a c h  c o l le c t in g  t r ip  a re  p r e s e n te d  in A ppendix  A. C o l l e c ­
t io n s  w ere  m ade in  ev e ry  month e x c e p t  D ecem b er  and  Jan u a ry .  Some 
m onths a re  r e p re s e n te d  by  more th a n  one c o l le c t in g  t r ip  during  th e  sam e 
o r  d if fe re n t  y e a r s .  Sam pling e ffo r t  w as  c o n c e n tra te d  a t  S ta t io n s  4 and 5 
due to  th e  a b u n d a n c e  of s c u lp in s  and  th e  v a r ie ty  of h a b i ta t  ty p e s  a t  t h e s e  
tw o s t a t i o n s .  O th er  s ta t io n s  w ere  sam p led  a s  tim e p e rm it te d .  An effort 
w as  made to  d is t r ib u te  s a m p le s  o v er  a w ide v a r ie ty  of h a b i ta t  ty p e s  on 
e a c h  c o l le c t in g  t r ip .
Three c a p tu re  m ethods  w ere  em ployed  during  th i s  s tu d y .  Equipm ent
in c lu d e d  a 2 m s e in e  w ith  6  mm m e s h ,  a 0 .5  m s e in e  w ith  2 mm m e sh ,
and  v a r io u s  s m a l l ,  s h o r t -h a n d le d  d ip  n e ts  (aquarium  n e t s ) .  The s e in e s
w ere  u s e d  in a r e a s  w ith  c u r re n t  and  a r e a s  w ith  large  b e d s  of a q u a t ic
p la n t s  (Elodea s p . ) . In c u r re n t ,  one  p e rso n  he ld  th e  s e in e  in p la c e  w hile
a n o th e r  p e rso n  v ig o ro u s ly  tu rn e d  s to n e s  and  d is tu rb e d  th e  s u b s t r a te  ju s t
2u p s t r e a m .  The a re a  th u s  sam p led  w a s  ap p ro x im a te ly  1 m . In b e d s  of 
a q u a t ic  p la n ts  th e  s e in e  w a s  fo rced  p a r t ia l ly  u n d e rn e a th  th e  v e g e ta t io n  
w h ich  w as  th e n  sh a k e n  v ig o ro u s ly .  The la rg e r  s e in e  w a s  u s e d  fo r  m ost 
c o l l e c t io n s  b u t  th e  sm a lle r  one w as  u s e d  during  la te  sp rin g  and  e a r ly  su m ­
mer due  to  t h e  sm a ll  s iz e  of y o u n g - o f - th e - y e a r  f i s h .  S e in ing  proved 
i n e f f e c t iv e ,  h o w e v e r ,  in a r e a s  w ith  l i t t l e  or no c u r re n t .  The d ip  n e ts  
w ere  u s e d  in t h e s e  a r e a s .  C ap tu re  of in d iv id u a l  s c u lp in s  by t h i s  m ethod
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p roved  t e d i o u s ,  b u t  m ost f i s h ,  o n c e  lo c a t e d ,  c o u ld  b e  fo rc e d  in to  th e  n e t  
e i th e r  by  o n e ' s  hand  o r  b y  a n o th e r  d ip  n e t .  Larger f i s h  w ere  e a s i e r  to  
s e e  b u t  so m ew h at h a rd e r  to  c a t c h  th a n  s m a lle r  f i s h .  A d iv in g  m a sk  w as  
u s e fu l  in  d e e p e r  a r e a s  fo r  t h i s  ty p e  o f  s a m p l in g ,  and  a w et s u i t  w as  r e ­
q u ire d  in c o ld e r  m o n th s .
C u rren t  o r  c u r re n t  t y p e ,  s u b s t r a te  t y p e ,  d e p th ,  te m p e ra tu re ,  and  
d i s t a n c e  from th e  n e a r e s t  sh o re  w ere  re c o rd e d  for m ost in d iv id u a l  s a m p le s .  
T h ese  m e a su re m e n ts  w ere  so m e tim es  o m itted  w hen  it  w a s  n e c e s s a r y  to  
o b ta in  la rg e r  s a m p le s  fo r food h a b i t s  a n a l y s i s .  C urren t s p e e d  w as  e s t i ­
m a ted  by  re c o rd in g  th e  am ount of t im e  req u ired  for a f lo a t in g  o b je c t  to  
t r a v e l  o v e r  a m e a su re d  d i s t a n c e .  W hen su c h  m easu rem en t w as  im p ra c t ic a l  
s tream  f low  w as  c l a s s i f i e d  a s  e i th e r  c u r re n t ,  e d d y ,  or d e a d .  S u b s tra te  
w a s  c l a s s i f i e d  a c c o rd in g  to  i t s  dom inan t com ponen t in a p a r t ic u la r  s a m ­
p lin g  a r e a .  C a te g o r ie s  in c lu d e d  b o u ld e r ,  c o b b le ,  p e b b le ,  s a n d - a n d -  
g r a v e l ,  s i l t ,  and  v e g e ta t io n .  The f i r s t  fou r  of t h e s e  are  c le a n  s to n e  s u b ­
s t r a t e s  w ith  s iz e  r a n g e s  a s  in H ynes  (1970). An a rea  w as  c o n s id e re d  
s i l ty  if a l l  s u r f a c e s  w ere  c o v e re d  w ith  a th ic k  la y e r  of m a te r ia l  w h ich  
w as  r e a d i ly  s u sp e n d e d  in  th e  w a te r  co lum n by  minor a g i t a t io n .  The v e ­
g e ta t io n  c a te g o ry  in c lu d e d  a r e a s  d o m ina ted  by  f lo a t in g  or a t t a c h e d  m ats  
of a lg a e  and  th o s e  d o m in a ted  by  b e d s  of a q u a t ic  m a c ro p h y te s .
In a d d i t io n  to  th e  abo v e  d a t a ,  b r ie f  o b s e rv a t io n s  w ere  m ade in r e ­
g ard  to  sp a w n in g .
All f i s h  w ere  p re se rv e d  im m e d ia te ly  in 10% fo rm alin  and  la te r  t r a n s ­
fe rred  to  70% e th a n o l .  S tandard  len g th  (SL), a lc o h o l  w e ig h t ,  and  v a r io u s  
d ia g n o s t ic  c h a r a c te r s  w ere re c o rd e d  fo r  e a c h  f i s h .  Food i tem s  w ere
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rem oved  from th e  e n t i re  d ig e s t iv e  t r a c t  a n te r io r  to  th e  p y lo r is  ( inc lud ing  
th e  o r a l  c a v i ty ) .  T h ese  i tem s  w ere  th e n  id e n t i f ie d  to  th e  lo w e s t  p r a c t i c a l  
ta x o n o m ic  l e v e l .  Keys found  in  Borror and D elong  (1971), Edm unds e t  
a l .  (1976), F r iso n  (1935), N eedham  and  W e s t f a l l  (1955), P ennak  (1978), 
U s in g e r  (195 6 ) ,  W ard an d  W h ip p le  (1959), and  W ig g in s  (1977) w ere  u se d  
in  t h e s e  id e n t i f i c a t io n s .  N um bers in  e a c h  of th e  v a r io u s  ta x a  w ere  r e ­
co rd ed  a lo n g  w ith  th e  in d iv id u a l  ta x o n  w hich  seem ed  to  co m p r ise  th e  b u lk  
(by volum e) of th e  s to m a c h  c o n t e n t s .  G onads  w ere  ex am in ed  to  d e te rm in e  
s e x ,  and  th e  maximum ova d ia m e te r s  w ere reco rd ed  for e a c h  o v a ry .
S cu lp in  id e n t i f ic a t io n  w a s  b a s e d  on a c o m b in a t io n  of c h a r a c t e r s .  
Jenk ins  ( p e r s . com m . ) s e p a r a te s  C o ttu s  g ira rd i  from C . b a ird i  m ain ly  on 
th e  b a s i s  of ch in  p ig m en ta t io n  and  th e  n a tu re  of th e  s id e  b a n d s  ( s a d d le s ) .
In C .  g i ra rd i  th e  ch in  is  m o d e ra te ly  to  c o n s id e ra b ly  m ottled  w h ile  in C .  
b a i rd i  p igm en t i s  uniform ly  d is t r ib u te d  o v e r  th e  c h in .  A lso ,  th e  s a d d le s  
of C .  g ira rd i  te n d  to  b ecom e d i s t i n c t l y  n arrow er  a t  th e  dorsum  w h ile  th o s e  
° f  Q* b a i rd i  do no t d e c r e a s e  a p p re c ia b ly  in  w id th .  M a tth e w s  (un p u b l.)  
o b ta in s  1 0 0 % a g reem en t b e tw e e n  id e n t i f ic a t io n  of f i s h  by  th e  n a tu re  of 
th e  ch in  and  s a d d le s  and th a t  by e l e c t r o p h o r e s i s .  C o l le t te  (p e rs .  com m .) 
a g r e e s  t h a t  t h e s e  tw o s p e c i e s  a re  e a s i l y  s e p a ra te d  in C o n o ch o c h e a g u e  
C r e e k ,  P e n n sy lv a n ia  [ th e  ty p e  lo c a l i ty  fo r  (J. g ira rd i  (Robins 1 9 5 4 , 1961) 
and  th e  o r ig in  of M a t th e w 's  specim ens^] , bu t S tra u s s  (p e rs .  com m .) in d i ­
c a t e s  t h a t  id e n t i f ic a t io n  i s  more d i f f ic u l t  in o th e r  a r e a s .  My id e n t i f i c a ­
t io n s  w ere  b a s e d  on a c o m b in a tio n  of th e  ab o v e  m en tioned  c h a r a c te r s  
p lu s  tw o  o th e r  c h a r a c te r s  w h ich  I h av e  found u s e fu l  (see  b e lo w ) . After
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lo o k in g  a t  la rg e  num bers  of s p e c im e n s ,  I had  l i t t l e  d i f f ic u l ty  in  s e p a ra t in g  
N ak ed  C re e k  s c u lp in s  in to  tw o  d i s t i n c t  g ro u p s .
No d e f in i te  C .  c o g n a tu s  w ere  c o l l e c te d  in N aked  C re e k .  Four s p e ­
c im e n s  w e r e ,  h o w e v e r ,  e l im in a te d  from th e  e c o lo g ic a l  s tu d y  due to  
u n c e r ta in  id e n t i f i c a t io n .  O ne of t h e s e  f i s h  a p p e a r s  to  b e  in te rm e d ia te  in 
s e v e r a l  c h a r a c te r s  b e tw e e n  C .  b a i rd i  and  C .  g i r a r d i . Two sp e c im e n s  
p o s s e s s  th e  s g u a r i s h  b lo tc h e s  on  th e  low er s id e s  w h ich  Jenk ins  (p e rs .  
com m .) a t t r ib u te s  to  Potom ac d ra in a g e  C .  c o g n a t u s . The rem ain in g  f i s h  
is  m e la n is t i c  w ith  th e  e x c e s s  of p igm en t c o n c e a l in g  a l l  o th e r  c h a ra c te r s  
(this  i s  no t a b re e d in g  m ale bu t i s  a v ery  young f i s h  w ith  b la c k  p igm ent 
o v e r  m ost of i t s  b o d y ) .  No C .  b a ird i  u s e d  in th i s  s tu d y  p o s s e s s  th e  th re e  
p e lv ic  ra y s  on  e a c h  s id e  th a t  a re  c h a r a c t e r i s t i c  of (J. c o g n a tu s  (Jenkins 
p e r s .  co m m .;  S tra u s s  1977) Six s p e c im e n s  d o ,  h o w e v e r ,  h ave  th re e  
p e lv ic  ra y s  on o n e  s id e  and  four  on  th e  o th e r .  One a b e r ra n t  sp ec im e n  
a l s o  h a s  tw o p e lv ic  ra y s  on one  s id e  and  th re e  on th e  o th e r .
F o r c o m p a ra t iv e  p u rp o se s  e a c h  s p e c ie s  w a s  d iv id e d  in to  m ature 
m a le s ,  m ature  f e m a le s ,  and  im m a tu re s .  The po in t of s e p a ra t io n  b e tw e e n  
m ature and  im m ature f i s h  w as  b a s e d  on  th e  r e s u l t s  of o th e r  s tu d ie s  p lus  
le n g th  f r e q u e n c ie s  and  o v ary  d e v e lo p m e n t  in  N aked  C re e k  sp e c im e n s  
(see  b e lo w ) .  W hen  n e c e s s a r y ,  in t r a s p e c i f ic  s iz e  a n d /o r  s e x u a l  g roups 
w ere  com bined  to  g iv e  a d e q u a te  sam p le  s i z e s .  Age d e te rm in a tio n s  w ere 
no t a t te m p te d  e x c e p t  for in fe re n c e s  b a s e d  on le n g th  f re q u e n c y  d i s t r ib u ­
t io n s  .
V a r ia b i l i ty  due to  s e a s o n a l ,  te m p o ra l ,  s p a t i a l ,  and o th e r  d i f fe re n c e s  
b e tw e e n  s a m p le s  w as  c o n tro l le d  a s  m uch a s  p o s s ib le  by  com paring
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i n t e r s p e c i f i c  g ro u p s  w ith  s im i la r  c a p tu re  d a ta  or by  f i r s t  t e s t i n g  for 
in t r a s p e c i f i c  d i f f e r e n c e s  to  d e te rm in e  w h e th e r  or n o t g roups  c o u ld  be  
c o m b in e d .  Sam ple s iz e  w as  th e  m ain  f a c to r  l im itin g  t h i s  ty p e  of a p p ro a c h .  
For s e a s o n a l  c o m p a r i s o n s ,  F eb ru ary  w as  c o n s id e re d  w in te r ,  M arch  
th ro u g h  M ay w ere  c o n s id e re d  s p r in g ,  June th ro u g h  A ugust w ere  c o n s id e re d  
su m m er, and  S ep tem ber  th ro u g h  N ovem ber w ere  c o n s id e re d  f a l l .
D e s c r ip t iv e  s t a t i s t i c s  u s e d  in  com paring  food h a b i t s  in c lu d e  p e rc e n t  
f re q u e n c y  of o c c u r re n c e  ("o c c u rre n c e  m ethod"  of H ynes 1950),  p e rc e n t  
f re q u e n c y  of o c c u r re n c e  a s  th e  dom inan t food item  by  volum e (s im ila r  to  
th e  "d om inance  m ethod"  of H ynes  1950), p e rc e n t  o f  th e  t o t a l  num ber of 
food  i tem s  ("num ber m ethod" of H ynes 195 0), and  m ean  num ber per  s to m ­
a c h .  Empty s to m a c h s  w ere  e l im in a te d  from th e  c a lc u la t io n  of a l l  of t h e s e  
s t a t i s t i c s .  F u r th e r  d e t a i l s  on th e  m ethod of com paring  food h a b i t s  w il l  
be  p r e s e n te d  in th e  in tro d u c t io n  to  th e  food h a b i t s  s e c t io n  b e lo w .
S e v e ra l  s t a t i s t i c a l  t e s t s  w ere  u s e d  to  d e te rm in e  th e  s ig n i f ic a n c e  of 
o b s e rv e d  t re n d s  in  th e  d a ta :  S tu d e n t 's  t - t e s t s  (Sokal and  Rohlf 1969) 
w ere  u s e d  fo r  SL c o m p a r is o n s ,  M an n -W h itn ey  U t e s t s  and  K ru sk a l-W a ll is  
o n e - w a y  a n a l y s e s  of v a r ia n c e  (S iegel 1956) w ere  u s e d  fo r  m onth ly  food 
h a b i t s  c o m p a r iso n s ,a n d  c h i  sq u a re  t e s t s  of in d e p e n d e n c e  and  S p ea rm an 's  
c o e f f ic ie n t  of ran k  c o r re la t io n  (Sokal and  Rohlf 1969) w ere u s e d  fo r  c u r ­
re n t  p re fe re n c e  c o m p a r is o n s .  Some s t a t i s t i c s  w ere  c a lc u la t e d  by hand 
w h ile  o th e rs  w ere  c a lc u la te d  b y  co m p u te r  u s in g  th e  program s a v a i la b le  
in th e  S t a t i s t i c a l  P ack ag e  for th e  S o c ia l  S c ie n c e s  (Nie e t  a l .  1975). In 
a l l  t e s t s  p r o b a b i l i t ie s  of l e s s  th a n  o r  e q u a l  to  0 .0 5  w ere  c o n s id e re d  
s ig n i f i c a n t .
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F in a l ly ,  o v e r la p  v a lu e s  w ere  c a lc u la te d  fo r  food  h a b i t s ,  and  c u r re n t  
an d  s u b s t r a te  p re fe re n c e  d a t a .  The fo llow ing  in d e x  (S choener  1968) w as
w here  PX /  ^ and  Py / i a re  th e  f r e q u e n c ie s  of s p e c i e s  x  a n d  y ,  r e s p e c t i v e l y ,
o v e r la p )  to  0 (for no o v e r la p ) .  For c u r re n t  d a ta  th e  ran g e  of cu r re n t  
s p e e d s  in a g iv e n  c a te g o ry  w a s  in c r e a s e d  u n t i l  th e  f re q u e n c y  of e i th e r  of 
th e  tw o  g ro u p s  b e in g  com p ared  e x c e e d e d  0 .1 0 .  R e la ted  ta x a  ( i . e .  , i n ­
s e c t s  in  th e  sam e order) w ere  com bined  to  r e a c h  th i s  f re q u e n c y  in food 
h a b i t s  c o m p a r i s o n s ,  b u t  no s u c h  co m b in a t io n  seem ed  a d v i s a b le  in s u b ­
s t r a t e  c o m p a r i s o n s .  As a r u le -o f - th u m b ,  o v e r la p  v a lu e s  g r e a te r  th a n  0 .6 0  
w ere  c o n s id e re d  s ig n i f ic a n t  fo llo w in g  th e  p ra c t ic e  of Z are t and  Rand 
(1971). M e a su re m e n ts  of d e p th  and  d i s t a n c e  from sh o re  w ere  to o  i n ­
a c c u r a te  and  v a r ia b le  w ith in  a g iv e n  sam p lin g  a re a  fo r  o v e r la p  v a lu e s  
to  be  m e a n in g fu l .
u s e d :
n
i = 1
in  th e  i**1 c a te g o r y .  The v a lu e  of t h i s  in d ex  ra n g e s  from 1 (for c o m p le te
DISTINGUISHING CHARACTERISTICS
Two c h a r a c te r s  w h ich  proved  v e ry  u s e fu l  in  s e p a ra t in g  N aked  
C re e k  f i s h  a re  f in  c o lo r  and  th e  n a tu re  of th e  b a n d  a t  th e  b a s e  of th e  
c a u d a l  f in .  In C . b a i rd i  th e  s e c o n d  d o r s a l ,  c a u d a l ,  and  som etim es  
p e c to r a l  f in s  a re  n o rm a lly  red  (ranging from r e d -b ro w n  to  r e d -o ra n g e  to  
n e a r ly  p in k ) .  T h e se  sam e f in s  in (3. g i ra rd i  a re  a lm o s t  c o lo r le s s  or  
p a le  y e l lo w .  Out of 354 s c u lp in s  w ith  u n ifo rm , C . b a i r d i - ty p e  c h in s ,  
95% had  red  f i n s ,  2% had  y e l lo w  f i n s ,  and  3% w ere  b re e d in g  m ales  w ith  
d a rk e n e d  f i n s .  All of th e  152 m ottled  c h in n e d  s c u lp in s  exam in ed  had  
c o lo r l e s s  o r  y e l lo w  f i n s .  This c h a r a c te r  i s ,  h o w e v e r ,  o n ly  u s e fu l  in 
f r e s h  s p e c im e n s  due  to  th e  rap id  fa d in g  of red  p igm ent in e th a n o l .
The p o s te r io r ,  l a t e r a l  m argin  of th e  b and  a t  th e  b a s e  of th e  c a u d a l  
f in  in  C .  g ira rd i  p o s s e s s e s  a d i s t i n c t  V- o r  U - s h a p e d  n o tc h  w h ile  th a t  
in £  • b a i r d i  i s  more or l e s s  s t r a ig h t .  Out of 424 C .  b a i rd i  e x a m in e d ,  
92% had  no n o tc h  on e i th e r  s id e  of th e  c a u d a l  p e d u n c le ,  6 % had a n o tch  
on o n e  s i d e ,  and  3% had  a n o tc h  on  b o th  s i d e s .  O ut of 172 C .  g i r a r d i , 
h o w e v e r ,  9 9 % had  th e  n o tc h  on b o th  s id e s  and  l% h a d  it on one s id e .  I 
m ight a l s o  p o in t  o u t  t h a t ,  e v e n  in th o s e  s p e c im e n s  of C_. b a i rd i  w hich  
d id  p o s s e s s  t h i s  n o tc h ,  i t s  form w a s  no t a s  r e g u la r  and  i t  w as  no t a s  
p ro n o u n ced  a s  in C .  g i r a r d i . J en k in s  (p e rs .  com m .) confirm s th e  v a l ­
id i ty  of t h i s  c h a r a c te r  in Potom ac m a te r ia l  from lo c a t io n s  o th e r  th a n  
N ak ed  C re e k .
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LENGTH FREQUENCIES, GONADAL MATURITY, AND SPAWNING
C o m p a r iso n  of le n g th  f re q u e n c y  d a ta  fo r  m a le s  and  f e m a le s  of b o th  
s p e c i e s  (Fig. 2) i n d ic a te s  a p o s s ib le  s e x u a l  s iz e  d i f fe re n c e  in  C .  b a i rd i  
b u t  no o b v io u s  d i f f e re n c e  in  C .  g i r a rd i .  The s e x  of y o u n g - o f - th e - y e a r  
f i s h  w a s  e v id e n t  by  Ju n e .  At t h i s  t im e  l i t t l e  s iz e  d i f fe re n c e  seem ed  
a p p a re n t  b e tw e e n  th e  s e x e s  in  C .  b a i r d i . By th e  fo llo w in g  A p r i l-M a y ,  
h o w e v e r ,  m a le s  a p p e a re d  to  be  la rg e r  th a n  f e m a le s  (modes 4 5 -5 0  and  
4 0 -4 5  mm, r e s p e c t iv e ly ) .  F u r th e rm o re ,  th i s  see m e d  to  be  th e  g e n e ra l  
t re n d  in  a l l  m onths  fo r  o ld e r  s i z e  g ro u p s .  No s u c h  s e x u a l  s iz e  d if fe re n c e  
w as  o b v io u s  in  th e  le n g th s  of C .  g ira rd i  (the sam p le  s i z e s  may h a v e  b e e n  
to o  s m a l l  to  show  a d i f fe re n c e  if it  e x i s t e d ) .
The l a r g e s t  s a m p le s  (with b o th  s e x e s  com bined) of o ld e r  C .  g ira rd i  
a re  found in M ay , Ju n e ,  and  A ugust (Fig. 3). In th e  l a t t e r  tw o m onths 
th e  m odes fo r  C .  g ira rd i  w ere  5 mm h ig h er  th a n  th o s e  fo r  C .  b a i r d i . and  
th e  e n t i re  d is t r ib u t io n  fo r C .  g ira rd i  w as  r e l a t iv e ly  h ig h e r .  A lso , ou t of 
28 f i s h  g r e a te r  th a n  60 mm (SL), 19 w ere  C .  g ira rd i  an d  9 w ere C .  b a i r d i . 
This sam e  t re n d  w a s  e v id e n t  in le n g th  f r e q u e n c ie s  fo r  th e  la rg e s t  sam p le  
t h a t  I h av e  fo r  one  s ta t io n  in  o n e  y e a r .  S ta tion  4 on A ugust 27 and  28 , 
1977 (Fig. 4 ) .
Young of b o th  s p e c i e s  f i r s t  a p p e a re d  in M ay (Fig. 3). Through a t  
l e a s t  A u g u s t ,  young  C .  g i ra rd i  w ere  c o n s i s t e n t ly  la rg e r  th a n  young C . 
b a i rd i  (modes ra n g e d  from 5 to  10 mm h ig h e r  and  th e  d is t r ib u t io n  w as
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F ig .  2 .  Length f r e q u e n c ie s  fo r b o th  s e x e s  of C o ttu s  b a i rd i  an d  C o ttu s  
g i r a r d i . D ata  from a l l  s ta t io n s  and  a l l  d a te s  a re  com bined  for 
e a c h  tw o -m o n th  p e r io d .  Num bers in p a r e n th e s e s  a re  sam ple  
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F ig .  3 . O v e ra l l  le n g th  f r e q u e n c ie s  by  month for C o ttu s  b a i rd i  and  
C o t tu s  g i r a rd i .  D ata  from a l l  s ta t io n s  and  a l l  d a te s  a re  
com bined  fo r  e a c h  m on th . O pen  b a rs  in d ic a te  C .  b a ird i  and 
sh a d e d  b a r s  in d ic a te  C .  g i r a r d i . N um bers in p a r e n th e s e s  
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F ig .  4 .  Length  f r e q u e n c ie s  fo r  C o ttu s  b a i rd i  and C o ttu s  g ira rd i  a t  
S ta t io n  4 on A ugust 2 7 and  28 , 1977 . O pen b a rs  in d ic a te  
C .  b a i rd i  and  sh a d e d  b a r s  in d ic a te  (3. g i ra rd i .  N um bers in 
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10 “  ( 2 4 )
20  -
r e l a t iv e ly  h ig h e r ) .  This t re n d  b e c o m e s  e v e n  more p ro n o u n ced  if we c o n ­
s id e r  t h o s e  f i s h e s  w h ich  w ere  c a u g h t  on th e  sam e  d a y  and  a t  th e  sam e 
s ta t io n  (Table 4) (only M ay , Ju n e ,  an d  July a re  c o n s id e re d  in  t h i s  co m ­
p a r iso n  s in c e  t h e s e  a re  th e  m onths in  w h ich  th e  y o u n g - o f - th e - y e a r  s iz e  
ra n g e  d id  no t o v e r la p  w ith  t h a t  fo r  o ld e r  f i s h ) . The SL ran g e  for_C. g ira rd i  
w a s  a lw a y s  h ig h e r  th a n  th a t  fo r  C .  b a i r d i . The SL of o n ly  one  o u t  of 14 
Q'  g i ra rd i  w a s  w ith in  th e  ra n g e  fo r C .  b a i rd i  from th e  sam e s ta t io n  and 
d a t e .  Sam ple s i z e s  a l lo w  fu r th e r  t e s t i n g  of t h e s e  in te r s p e c i f i c  d i f f e re n c e s  
a t  S ta t io n  4 on June 25 , 1977 and  July 25 , 1 9 76 . S ince  th e  v a r ia n c e s  
fo r SL d a ta  d id  no t d if fe r  s ig n i f ic a n t ly  b e tw e e n  s p e c i e s  on e i th e r  d a te  
(^4 , 4  = 1 .1 4 5 ,  p>  0 .1 0  a n d F 3 ^ 4  = 1 .6 5 4 ,  p >  0 .1 0 ) ,  S tu d e n t 's  t - t e s t s  
w ere  perform ed to  d e te rm in e  if d i f f e re n c e s  in m ean  SL b e tw e e n  s p e c ie s  
w ere  s ig n i f i c a n t .  In b o th  c a s e s  C .  g ira rd i  w a s  s ig n i f ic a n t ly  la rg e r  th a n  
C . b a i rd i  (t0  = -5  . 0 06 , 2 - t a i l  p <  0 . 01 and  t j  -  4 .1 1 8 ,  2- t a i l  p <  0 .0 1 ) .
It i s  a l s o  of i n t e r e s t  t h a t  young  C .  b a ird i  w ere  s ig n i f ic a n t ly  sm a l le r  on 
June 2 4 ,  1977 a t  S ta tion  5 th a n  th e y  w ere  a t  S ta tio n  4’ on th e  sam e d a te  
(F4  5  = 5 .7 9 8 ,  p > 0 . 0 5  and  tg  * 5 . 4 3 6 ,  2 - t a i l  p < 0 .0 1 ) .
D if fe re n c e s  w ere  a l s o  e v id e n t  in  egg  d e v e lo p m e n t b e tw e e n  th e s e  tw o 
s p e c ie s  (Fig. 5 ) .  F em ale  C .  b a i rd i  b e g a n  to  m ature in th e  30 to  40 mm 
s iz e  c l a s s ,  bu t C .  g ira rd i  d id  not do so u n t i l  40 to  50 mm. A c lo s e r  look 
a t  t h i s  d a ta  r e v e a l s  t h a t  th e  s m a l le s t  fem a le  C .  g ira rd i  w ith  d e f in i te ly  
m atu ring  ova ( > 0 .3  mm in  d iam eter)  w ere  tw o f i s h  of 45 mm SL th a t  w ere  
found  in  A u g u s t .  The s m a l le s t  fe m a le  C .  b a i rd i  th a t  c o n ta in e d  m atu ring  
ova w a s  a 34 mm SL f i s h  found in N ovem ber .  F u r th e rm o re ,  in F eb ruary  
an d  M arch  a l l  b u t  one of th e  17 fe m a le  C .  b a ird i  in th e  3 5 .5  to  4 5 .0  mm
TABLE 4
SIZE RANGES FOR YOUNG-OF-THE-YEAR COTTUS BAIRDI AND COTTUS 
GIRARDI
D ate S ta tio n S ize  Rancre (mm)
C .  b a i rd i  C .  g ira rd i




6 -2 5 -7 7 4 1 7 . 0 - 2 2 . 0
(5)
2 4 . 5 -
(5)
6 -2 5 -7 7 5 1 4 .0 - 1 6 .5
(6 )
2 0 . 0 -
(2 )
7 - 2 5 -7 6 4 2 3 .0 - 2 7 .5
(5)
2 8 .5 -
(4)




* N um bers in  p a r e n th e s e s  a re  sam p le  s i z e s .
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F ig .  5 .  M ean d ia m e te r  of l a r g e s t  ova (oocy tes)  by  month fo r  fem ale
C o t tu s  b a i rd i  and  C o ttu s  g i r a r d i . All s ta t io n s  and  d a te s  co m ­
b in e d  fo r  e a c h  m on th . O pen  b a rs  in d ic a te  C .  b a i rd i  and 
s h a d e d  b a rs  in d ic a te  C .  g i r a r d i . N um bers in p a r e n th e s e s  are  
sam p le  s i z e s .
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1.0  -
Mo n t h
F | M | A | M | J | j |  A | S  | 0  | N j 
( 8 )
2 0 - 3 0  m m  S L
( 9 )
( 6 8 )
3 0 - 4 0  m m  SL
1 0  -
(  2 8 )
2 0  -
( 9 6 )
 r rv-r
  * m m 4 0 - 5 0  m m  S L
( 2 5 )
( 1 4 )
5 0 - 1 0 0  mm S L
( 1 3 )
2 . 0  -
SL c l a s s  c o n ta in e d  la rg e  d e v e lo p in g  ova ( > 1 . 0  mm in  d ia m e te r ) ,  w h ile  
none  of th e  s e v e n  fe m a le  C .  g i ra rd i  in  th i s  le n g th  c l a s s  c o n ta in e d  ova 
la rg e r  th a n  0 .1  mm in d ia m e te r .  I t  i s  a l s o  in te r e s t in g  in  t h i s  re g a rd  to  
n o te  th a t  F eb ru a ry  and  M arch  a re  th e  o n ly  m onths  in w h ich  no m ale or 
fe m a le  C .  g i ra rd i  g r e a te r  th a n  4 5 .0  mm SL w ere  t a k e n  (F igs .  2 and  3). 
F in a l ly ,  th e re  w a s  a c o n s i s t e n t  p a t te rn  of C .  g ira rd i  ova b e in g  la rg e r  
th a n  C .  b a i rd i  ova in S ep tem ber and  N ovem ber.  This t re n d  is  b a s e d  on 
o n ly  one  C .  g ira rd i  in  e a c h  of t h e s e  m o n th s ,  b u t  in  e a c h  c a s e  th e  range  
of v a lu e s  fo r  C .  b a i rd i  f e m a le s  (sev en  sp e c im e n s  in S ep tem ber and  te n  
s p e c im e n s  in  N ovem ber)  d o e s  not o v e r la p  w ith  th e  v a lu e  fo r the  s in g le  
C .  g ira rd i  f e m a l e .
O nly  C .  b a i rd i  m a le s  w ere  found w ith  egg  c l u s t e r s .  A to t a l  of 1 1  
g roups  of e g g s  w ere  found on th e  u n d e rs id e  of f la t  ro c k s  in m odera te  c u r  
re n t  (all a t  S ta t io n  4 ) .  Two of t h e s e  w ere found on M arch  19 , 1977 and  
n in e  w ere  found on April 1 6 , 1977 . M ale  C .  b a i rd i  were c lo s e ly  a s s o c i  
a te d  w ith  s ix  c l u s t e r s .  O nly  one d e f in i te ly  m ature C .  g ira rd i  (an 81 mm 
fem ale )  w as  found in t h i s  a re a  during  th i s  t im e p e r io d ,  and  she  w as  not 
a s s o c i a t e d  w ith  e g g s .  The young of bo th  s p e c i e s ,  h o w e v e r ,  w ere  found 
a t  S ta t io n  4 in M ay of 1977.
H ann (1927), B ailey  (1952), and  Ludwig and  Lange (1975) a l l  a g ree  
t h a t  C .  b a i rd i  m a tu re s  a t  tw o y e a r s  of a g e .  N aked  C re e k  C . b a i rd i  
s e e m e d  to  ra n g e  up to  35 or 40 mm (SL) n e a r  th e  end  of th e i r  f i r s t  y e a r  
(in M arch  and  A pril) . T h u s ,  a tw o - y e a r - o ld  f i s h  m ust be  a t  l e a s t  la rg e r  
th a n  35 mm. F em a le  C . b a i rd i  b e g a n  to  m ature b e tw e e n  30 and  40 mm 
w h ile  C .  g ira rd i  m atured  a t  40 to  50 mm. A lso ,  m ale C .  b a i rd i  seem ed
to  be  la rg e r  a t  a g iv e n  a g e  th a n  d id  f e m a le s  [ jB ailey  (1952) confirm s th i s  
te n d e n c y " ]  . T h e re fo re ,  th e  SL of 45 mm w as  c h o s e n  to  s e p a ra te  m ature 
from im m ature  f i s h  of b o th  s p e c i e s .  All fe m a le  C .  b a i rd i  and  m ost fem ale  
C .  q i ra rd i  sh o u ld  b e  m ature  a t  t h i s  s i z e .  The s i tu a t io n  in  m a le s  is  l e s s  
o b v io u s ,  b u t  th e  im m ature c l a s s  sh o u ld  be  f ree  of m atu re  m a le s  of e i th e r  
s p e c i e s .
FOOD HABITS
In tro d u c tio n
There a re  m any p o s s ib le  s o u rc e s  of v a r ia b i l i ty  in e c o lo g ic a l  f ie ld  
d a t a .  In a d d i t io n  to  th e  v a r ia b i l i ty  a s s o c i a t e d  w ith  a c tu a l  d if f e re n c e s  
in  r e s o u r c e  u s e  b e tw e e n  s p e c i e s ,  we m ight e x p e c t  v a r ia b i l i ty  due to  s e x ,  
s i z e ,  d a t e ,  lo c a t io n ,  tim e of d a y ,  a n d ,  u n d o u b te d ly ,  m any o th e r  f a c t o r s . 
T h e se  s o u rc e s  of v a r i a b i l i ty  sh o u ld  b e  e s p e c i a l l y  im p o rtan t in te rm s  of 
food h a b i t s  due to  th e  s e a s o n a l  o c c u r r e n c e ,  lo c a l  a b u n d a n c e  (or th e  la c k  
of i t ) ,  s e a s o n a l  s i z e  d i f f e r e n c e s ,  and  d ie !  a c t iv i ty  p a t te rn s  of b e n th ic  
i n v e r t e b r a t e s .  I d e a l ly ,  t h e r e fo r e ,  food h a b i ts  c o m p a r iso n s  w ould  be  r e ­
s t r i c t e d  to  f i s h  c a u g h t  a t  th e  sam e s t a t i o n ,  on th e  sam e d a t e ,  and  a t  th e  
sam e  t im e .  U n fo r tu n a te ly ,  th e  la rg e  am ount of t im e sp e n t  m easu rin g  and 
re c o rd in g  h a b i ta t  d a ta  u s u a l ly  r e s t r i c t e d  th e  sam ple  s iz e  from an y  one s t a ­
t i o n ,  d a t e ,  and  t im e .  M ost c o m p a r iso n s  a re  th u s  b e tw e e n  s im ila r  s iz e d  
f i s h  in a g iv e n  s e a s o n  w ith  a l l  s t a t io n s  co m b in e d .  At t im e s  it  w as  a l s o  
n e c e s s a r y  to  com bine  d if fe re n t  s i z e s  a n d /o r  s e x e s  w ith in  a s p e c ie s  in 
o rd e r  to  o b ta in  u s e a b le  sam p le  s i z e s  ( c a . 1 0  f i s h ) .
This s e c t io n  in c lu d e s  th e  fo llo w in g :  a summ ary of th e  o v e ra l l  food 
h a b i t s  of e a c h  s p e c i e s ,  a c o m p a r iso n  of m onth ly  food h a b i t s  u s in g  a 
p u re ly  n u m e r ic a l  m easu re  (mean num ber per  s to m a c h ) ,  a c o m p a r iso n  of 
s e a s o n a l  food  h a b i t s  u s in g  n u m e r ic a l ,  f re q u e n c y  of o c c u r r e n c e ,  d o m in a n c e ,
35
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an d  o v e r la p  m e a s u r e s ,  a n d ,  f in a l ly ,  a sum m ary of im p o rtan t t r e n d s  in 
th e  p re c e d in g  d a t a .
O v e ra l l  F ood  H a b i ts  fo r  E ach  S p e c ie s
The o v e r a l l  food h a b i t s  o f  327 C .  b a ird i  and  142 C .  q ira rd i  (Table 5) 
w ere  q u i te  s im i la r .  O n ly  2 % of th e  t o t a l  num ber of food i tem s  w ere from 
c a te g o r i e s  t h a t  w ere  u s e d  by  o n ly  one  s p e c ie s  ( s p e c i e s - l e v e l  i d e n t i f i c a ­
t io n  of food i te m s  m ay or m ay no t have  a l te re d  th i s  f ig u re ) .  I n s e c ta  
(a lm ost e x c lu s iv e ly  a q u a t ic  la rv ae )  w a s  th e  m ost im portan t ta x o n  in the  
d ie t  of b o th  s p e c i e s ,  and  d i p t e r a n s ,  e p h e m e ro p te ra n s , and  t r ic h o p te r a n s  
w ere  th e  m o st im portan t i n s e c t s .
N e v e r t h e l e s s ,  a few  in te r s p e c i f i c  d ie ta ry  d i f f e re n c e s  a re  n o ta b le .  
Among th e  l e s s  im portan t food i t e m s ,  n e m a to d e s  (probably  p a r a s i t i c  fo rm s) ,  
g a s t r o p o d s ,  b r a c h y c e r a n s , and  b a e t id s  w ere more im portan t in th e  d ie t  of 
C .  b a i r d i , and  p la n t  d e b r i s ,  o l i g o c h a e t e s , and c o p e p o d s  w ere  more im ­
p o r ta n t  to  C .  g i r a rd i .
D ip te ra n s  w ere  more im portan t food item s  for C .  b a i rd i  th a n  for C .  
g i r a r d i . The m ost im p o rtan t g roup  w ith in  th i s  o rd e r ,  c h iro n o m id s ,  
o c c u r re d  a t  ab o u t  th e  sam e f re q u e n c y  in bo th  s p e c i e s  b u t w as  l e s s  im por­
t a n t  to  C .  g i ra rd i  in  te rm s  of b o th  num bers  and  d o m in a n c e .  U n id en tif ied  
n e m a to c e ra n s  w ere  more im portan t to  C .  g i ra rd i ,  b u t ,  e v e n  if a l l  of t h e s e  
i n s e c t s  a re  a s s u m e d  to  b e  c h i ro n o m id s ,  th e  num ber and  d o m in an ce  v a lu e s  
fo r  th e  l a t t e r  g roup  a re  s t i l l  m uch low er in C . q ira rd i  th a n  in C . b a i r d i .
The r e v e r s e  of th i s  t re n d  w as  found  in th e  r e la t iv e  im portance  of 
e p h e m e ro p te ra n s .  O nly  tw o minor g ro u p s ,  B ae tid ae  and  H e p ta g e n i id a e ,
TABLE 5
OVERALL DIET OF COTTUS BAIRDI (b) AND COTTUS GIRARDI (g)
Food Item  % F re q u en cy  of 
O c cu rre n ce
% of Total 
Number
% F re q u e n c y  of O c cu rre n ce  
a s  D om inan t Item
b g b g b g
Rocks 2 0 27 - - - - -
V a sc u la r  P lan t
D eb ris 8 13 < 1 4
F ila m e n to u s
Algae 29 34 - - 1 1
Hydra s p . c  1 0 < 1 0 0 0
P la n a r i id a e < 1 0 < 1 0 Cl 0
N em atoda 1 0 1 1 1 < 1 0
U n id e n t i f ie d
Ga s tropoda 6 1 1 < 1 3 1
L iop lax  s p . 1 0 c l 0 0 0
P hysa s p . 1 0 < 1 0 < 1 0
P lan o rb id ae 2 0 < 1 0 < 1 0
T otal
G as tro p o d a — — 1 < 1 4 1
O lig o c h a e ta 1 4 < 1 2 0 3
Acari 4 2 < 1 < 1 1 0
C la d o c e ra 2 1 c l 1 0 0
O s tra c o d a < 1 1 < 1 < 1 0 0
Amphipoda 0 1 0 < 1 0 0
C o p ep o d a 7 16 1 5 1 4
C am b ar in ae 1 0 < 1 0 < 1 0
T otal
C r u s ta c e a 2 6 1 4
T ota l N o n -




% F re q u e n c y  of % of T o ta l  % F re q u e n c y  of O c c u rre n c e
F ood  Item  O c c u r re n c e  N um ber  a s  D om inan t Item_____
b g b  g b g
U n id e n t i f ie d
In s e c ta
U n id e n t i f ie d
17 19 1 2 0 0 *
C o le o p te ra 1 0 < 1 0 < 1 0
H yd ro p o rin ae < 1 1 < 1 < 1 0 0
H a l ip l id a e < 1 0 < 1 0 0 0
G y rin id a e 2 1 < 1 < 1 1 0
C h ry s o m e l id a e  <1 0 <1 0 0 0
Hydro p h i l id a e 1 0 < 1 0 0 0
D ry o p id ae < 1 0 < 1 0 < 1 0
T ota l
C o le o p te ra —  - < 1 < 1 2 0
U n id e n t i f ie d
D ip t e ra  
U n id e n tif ie d
9 1 1 2 2 < 1
N em ato ce ra 1 2 2 0 4 7 < 1 1
Sim ulidae 4 3 < 1 1 < 1 0
C h iro n o m id ae ;65 64 67 36 30 18
T ip u lid a e 8 7 1 1 1 3
H e le in a e
U n id e n t i f ie d
0 1 0 < 1 0 1
B rachycera 9 3 1 < 1 1 0
D o lic h o p o d id a e  1 0 < 1 0 < 1 0
Em pid idae 5 2 1 < 1 2 0
M u sc id a e 0 1 0 < 1 0 1
T ota l D ip te ra - - - - 76 49 35 24
U n id e n tif ie d
E phem erop tera  24 35 2 8 3 7
B a e tid a e 6 1 < 1 < 1 2 0
C a e n is  s p .  
E p h em ere lla
< 1 1 < 1 < 1 0 < 1
s p . 26 32 7 17 18 26
H e p ta g e n i id a e  8  
P a ra le p to p h le b ia
6 1 1 3 1
s p . 0 1 0 < 1 0 1
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TABLE 5 (Continued)
% F re q u e n c y  of % of T o ta l  % F re q u e n c y  of O c c u rre n c e
Food Item  O c c u rre n c e  N um ber a s  D om inant Item
b g b g b g
P o tam an th u s
s p . 0 1 0 < 1 0 0
S ip h lo n u r id a e
T ric o ry th o d e s
8 8 1 1 3 5
s p . 6 1 2 1 3 5 8
T ota l
E phem erop tera — --- 1 2 31 34 49
S ia l i s  s p .  
U n id e n t i f ie d
1 3 < 1 <1 1 2
A n iso p te ra 0 1 0 < 1 0 1
G om phidae 1 1 <1 < 1 1 1
C o e n a g r io n id a e  <1 1 < 1 < 1 0 0
T ota l  O d o n a ta — < 1 < 1 1 1
U n id e n t i f ie d
P le c o p te ra 4 2 * 1 < 1 1 0
A llo cap n ia  s p . 1 1 < 1 < 1 < 1 0
P te ro n a rc y s  s p . 1 0 < 1 0 <1 0
P e r l id a e 2 3 1 1 1 3
T ota l
P le c o p te ra — 1 1 2 3
U n id e n tif ie d
T rich o p te ra 1 0 6 1 1 4 1
G lo s so s o m a  sp  
H y d ro p sy c h i-
.  1 0 < 1 0 c l 0
d a e 19 5 2 1 8 3
Hydro p t i l id a e 1 1 13 2 5 4 4
L e p to c e r id a e  
Lepido s to m a -
1 0 < 1 0 1 0
t i d a e < 1 0 < 1 0 0 0
P s i lo t r e ta  s p .  
P o ly c e n tro p u s
< 1 0 < 1 0 0 0
s p . < 1 2 < 1 < 1 0 0
T ota l
T r ich o p te ra — — 5 7 16 8
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TABLE 5 (Continued)
% F re q u e n c y  of % of T o ta l % F re q u e n c y  of O c c u rre n c e
F ood  Item  O c c u r re n c e  N um ber a s  D om inant Item
b g b g b g
T o ta l  I n s e c t a  —  - -  96 91 92 8 6
U n id e n t i f ie d
P i s c e s  3 2 ^ 1 < 1  1 0
E th eo s to m a
f la b e l la r e  0  2  0  < 1  0  2
* F ish  c o n ta in in g  o n ly  u n id e n t i f ia b le  i n s e c t  re m a in s  w ere  no t in c lu d e d  
in  d o m in a n c e  c a l c u l a t i o n s .
41
w ere  m ore im p o rtan t  to  C .  b a i r d i , w h ile  u n id e n t i f ie d  e p h e m e ro p te ra n s ,  
e p h e m e r e l l i d s , and  t r ic o ry th id s  w ere  a l l  more im portan t (by a l l  th re e  
m e a s u re s )  to  C .  q i r a rd i .
T r ic h o p te ra n s  w ere more im portan t by num ber in C . g ira rd i  s to m a c h s  
and  b y  d o m in an ce  in C .  b a i rd i  s to m a c h s .  This c o u ld  be  due to  th e  f a c t  
t h a t  H y d ro p ti l id a e  w as  th e  m ost im portan t fam ily  for C .  g i r a r d i , and  
H y d ro p sy c h id a e  w a s  the  m ost im portan t fam ily  fo r  C .  b a i r d i . H y d ro p ti l id s  
a re  g e n e ra l ly  m uch s m a lle r  th a n  h y d ro p sy c h id s  and  are  th u s  l e s s  l ik e ly  to  
be  th e  dom inan t v o lu m etr ic  com ponen t of an  in d iv id u a l  s to m ach  e v en  if 
th e y  a re  e a te n  in  r e la t iv e ly  la rge  n u m b e rs .
M on th ly  C o m p a r iso n s
D ata  on th e  m ean num bers  per  s to m ach  for m ost of th e  im portan t food 
c a te g o r ie s  (Fig. 6 ) i l l u s t r a t e  and  c la r i fy  s e v e ra l  of th e  t r e n d s  th a t  w ere 
n o ted  in th e  p re v io u s  s e c t io n .  Some g roups  t h a t  w ere of minor im portance  
in  th e  o v e ra l l  d a ta  w ere s e a s o n a l ly  im p o r ta n t ,  and  som e of th e  t re n d s  
n o te d  in m ajor food g roups  w ere  no t c o n s i s t e n t  from month to  month or 
from s ta t io n  to  s t a t i o n .
In th e  p re c e d in g  s e c t io n  n e m a to d e s ,  g a s t r o p o d s ,  b a e t i d s ,  b r a c h y -  
c e r a n s ,  h y d ro p s y c h id s ,  and  ch iro n o m id s  w ere  found  to  be more im portan t 
in  th e  d ie t  of C .  b a i rd i  th a n  in th a t  of C .  g i ra rd i .  Too few  n e m a to d es  
w ere  e a te n  for them  to  a p p e a r  in F ig .  6 . G a s tro p o d s  w ere  no t very  im ­
p o r ta n t  food i te m s ,  b u t ,  w hen th e y  w ere  e a t e n ,  th e y  w ere a lw a y s  e a te n  
in la rg e r  num bers  by C .  b a i r d i . The s ig n i f ic a n c e  of th e  d if fe re n c e  in  th e  
one  m onth during  w h ich  C .  q ira rd i  a l s o  a te  m odera te  num bers  of s n a i l s
F i g .  6 . M ean  number  p e r  s to m a ch  pe r  month for  seve 'ra l  m ajor  food
i te m s  in C o t tu s  b a i rd i  and  C o t tu s  g i r a rd i .  Open b a r s  in d ic a te  
b a i rd i  and  s h a d e d  b a r s  i n d i c a t e  C .  g i r a rd i .  Sample s i z e s  
fo r  C .  b a i rd i  and  C .  g i ra rd i  r e s p e c t i v e l y  a re  3 6  and  6  
(February) ,  41 and  19 (M arch) ,  5 6  and  13 (April), 32 and  29 
(M ay) ,  38 and  19 (June) ,  2 6  and  13 (July),  62 and  30 (August),  
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(September)  w a s  no t  e v a l u a t e d  s t a t i s t i c a l l y  due  to  t h e  la rge  number  of 
z e r o - z e r o  t i e s  b e tw e e n  s p e c i e s  ( th e se  t e n d  to  make th e  t e s t s  to o  c o n s e r ­
va t iv e )  . B a e t id s  were  n e v e r  e a t e n  in la rge  num bers  and  n e v e r  b y  bo th  
s p e c i e s  in t h e  sam e  m o n th .  C .  b a i r d i  d i d ,  h o w e v e r ,  e a t  them  more o f te n  
th ro u g h o u t  t h e  y e a r  ( th e se  w ere  P s e u d o c l o e o n ) . B rac h y c e ra n s  d e f i n i t e l y  
s eem  to  h a v e  b e e n  more im por tan t  to  C .  b a i rd i  in F ebruary  and  M a rc h ,  but  
t h i s  d i f f e r e n c e  co u ld  on ly  b e  t e s t e d  on M a rc h  19 ,  1977 .  On t h i s  d a te  
im m atu res  of b o th  s p e c i e s  a t e  s ig n i f i c a n t l y  f e w e r  b r a c h y c e r a n s  th a n  did 
male  C .  b a i r d i  (p < 0 .0 2  for  immature  C .  b a i rd i  and  < 0 .0 0 2  for  immature 
C .  g i r a r d i ) . The d i f f e r en ce  n o ted  in th e  u s e  of h y d ro p sy c h id s  w a s  t h a t  
C .  b a i r d i  a t e  them more c o n s i s t e n t l y  th roughou t  th e  y e a r .  There w e r e ,  
h o w e v e r ,  la rge  d i f f e r e n c e s  in July when C .  b a i r d i  a t e  la rge r  num bers  
and  in Sep tem ber  w hen  C .  q i ra rd i  a te  la rg e r  n u m b e r s .
The num bers  of ch i ro n o m id s  e a t e n  by  b o th  s p e c i e s  e x h ib i t e d  marked 
and  c o m p le x  f l u c t u a t i o n s .  In ev e ry  month e x c e p t  July and  A ugus t ,  t h e  
mean  num ber  per  s to m ac h  fo r  C .  b a i r d i  w a s  h igher  t h a n  t h a t  of C .  q i ra rd i .  
S ig n i f ic an t  i n t e r s p e c i f i c  d i f f e r e n c e s  w e r e ,  h o w e v e r ,  found on ly  in M arch ,  
Apri l ,  an d  August  (Table 6 ) .  On M arch  5 ,  1977 th e  group e a t in g  the  
l a r g e s t  number  of  ch i ronom id  la r v a e  (and th e  group pr imar i ly  r e s p o n s i b l e  
for  th e  l a rge  d i f f e r e n c e  s e e n  in F ig .  6 ) w as  immature  C .  b a i rd i  from 
S ta t io n  1 .  T h e se  f i s h  a t e  s ig n i f i c a n t l y  more ch i ronom ids  t h a n  d id  any  
o th e r  g ro u p .  Adult C .  b a i r d i  a t e  th e  n ex t  l a r g e s t  number  fo l lo w e d  by im­
m ature  C .  b a i rd i  a t  S ta t io n  3 an d  immature  C .  g i r a rd i .  T h e re fo re ,  immature  
C .  g i ra rd i  from S ta t ion  2 a t e  s ig n i f i c a n t l y  l e s s  ch i ro n o m id s  t h a n  did 
immature  C .  b a i rd i  from j u s t  d o w n s t re a m  a t  S ta t io n  1 or  ad u l t  C .  ba i rd i
TABLE 6
MANN-WHITNEY (two g roups)  OR KRUSKAL-WALLIS (more t h a n  tw o  groups)  
TESTS OF THE SIGNIFICANCE OF DIFFERENCES IN NUMBERS OF 
CHIRONOMID LARVAE EATEN BY COTTUS BAIRDI (b) AND COTTUS GIRARDI 
(g). (H0 : tw o  or  more s a m p le s  a re  d rawn from p o p u la t io n s  hav ing  th e  
sam e  p a r e n t  d i s t r ib u t io n )  (m = m a le ,  f = f e m a l e ,  a = a d u l t ,  and  i = 
im m a tu re ) .
D a te S ta t io n s  T e s te d Groups  T e s ted * T w o - ta i l  p
2 - 1 0 - 7 7 3 4 ,  5 m b ,  f b ,  ib ,  ig > 0 . 1 0
3 - 5 - 7 7 1 3 ib < 0 . 0 5
3 - 5 - 7 7 1 2 ,  3 ,  5 m b , f b , ib (Sta t ion 1) ,  ig <  0 . 0 1
3 - 5 - 7 7 1 3 ,  5 a b ,  ib (Sta t ion 1) = 0 .0 5
3 - 5 - 7 7 1 3 ,  5 f b ,  ib (Stat ion 1) = 0 .0 1 6
3 - 5 - 7 7 2 3 ,  5 f b ,  ig = 0 .0 7 2
3 - 5 - 7 7 2 3 ,  5 a b ,  ig = 0 . 0 0 2
3 - 5 - 7 7 1 2 ib (Stat ion 1 ) ,  ig = 0 .0 1 6
3 - 5 - 7 7 3 5, m b ,  f b ,  ib (Sta t ion 3) > 0 . 3 0
3 - 5 - 7 7 2 3 ib  (Stat ion 3) ,  ig > 0 . 1 1
3 - 1 9 - 7 7 3 4 mb, i b ,  ig > 0 . 5 0
4 - 1 6 - 7 7 4 5 ib < 0 . 0 0 2
4 - 1 6 - 7 7 4 5 ig = 0 .8 3 2
4 - 1 6 - 7 7 4 5 m b ,  f b ,  ib (Station 4) ,  ig < 0 . 0 0 1
4 - 1 6 - 7 7 4 5 m b ,  f b ,  ib (Station 4) > 0 . 1 0
4 - 1 6 - 7 7 4 5 a l i b  (Station 4 ) ,  ig < 0 . 0 0 0 0 6
4 - 1 6 - 7 7 4 5 m b ,  f b ,  ib (Station 5) ,  ig < 0 . 0 2
4 - 1 6 - 7 7 4 5 mb,  f b ,  ib (Station 5) > 0 . 1 0




D a te  S ta t io n s  T e s te d  Groups  T e s t e d *  T w o - t a i l  p
5 - 1 1 - 7 7 1 , 4 ib < 0 . 0 0 1
5 - 1 1 - 7 7 1 ,  2 ,  4 ig < 0 . 0 1
5 - 1 1 - 7 7 1 i b ,  mg,  f g ,  ig > 0 . 1 0
5 - 1 1 - 7 7 4 m b,  f b ,  i b ,  m g ,  ig > 0 . 2 0
6 - 2 0 - 7 6 5 m b,  i b ,  f g ,  ig > 0 . 5 0
6 - 2 5 - 7 7 4 / 5 ib > 0 . 1 0
6 - 2 5 - 7 7 4 / 5 a b ,  i b ,  a g ,  ig > 0 . 1 0
7 - 2 5 - 7 6 4 ,  5 ib > 0 . 8 5 8
7 - 2 5 - 7 6 4 ,  5 a b ,  i b ,  ig > 0 . 5 0
I00CM•»r-sCMi00 4 ib (be tween  d a t e s ) > 0 . 1 0
8 - 2 7 ,  2 8 -77 4 ig (be tween  d a t e s ) = 0 .0 0 8
8 - 2 7 - 7 7 4 a b ,  ib ,  a g ,  ig > 0 . 5 0
8 - 2 8 - 7 7 4 i b ,  ig = 0 . 0 0 2
1 1 - 1 - 7 6 4 ,  5 a l l  b ,  a l l g ■>0 . 1 0
*See A ppendix  B for  sam ple  s i z e s  u s e d  in t h e s e  t e s t s .
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from u p s t r e a m  a t  S ta t io n s  3 an d  5 (the l a t t e r  d i f f e r e n c e  m u s t  h av e  b e e n  
p r im ar i ly  d u e  to  male  C .  b a i r d i  s i n c e  th e  d i f f e r e n c e  b e t w e e n  fem a le  C .  
b a i r d i  and  immature  C .  q i ra rd i  w a s  no t  s ig n i f i c a n t ) .  Immature C .  b a i rd i  
a t  S ta t io n  3 w ere  in t e rm e d ia te  b e t w e e n  a d u l t  C .  b a i r d i  and  immature  C .  
g i r a r d i .  No s ig n i f i c a n t  d i f f e r e n c e  w as  d e t e c t e d  among m ale  C .  b a i r d i . 
im m ature  C .  b a i r d i . and  immature  C .  q i ra rd i  on M arch  1 9 ,  1977 .  In 
April  a l l  c o m p a r i s o n s  i n d i c a t e d  t h a t  C .  b a i rd i  a t e  s ig n i f i c a n t l y  more 
c h i r o n o m i d s .  The one  s ig n i f i c a n t  d i f f e r e n c e  d e t e c t e d  in A ugus t ,  h o w e v e r ,  
w as  in th e  o p p o s i t e  d i r e c t i o n .  A s ig n i f i c a n t  d i e l  d i f f e r e n c e  is  i n d i c a t e d  
for  immature  C .  g i ra rd i  by  t h i s  d a t a .  Those c a u g h t  on th e  a f te rnoon  (1355 
to  1855 hours)  of  August  27 ,  1977 a t e  s ig n i f i c a n t ly  f e w e r  ch ironomid l a r ­
v a e  t h a n  d id  t h o s e  from th e  morning (0630 to  0755 hours)  of August  28,
1977 .  The l a t t e r  g roup  a l s o  a t e  s ig n i f i c a n t ly  la rge r  num bers  th a n  did  
immature  C .  b a i rd i  c a u g h t  dur ing  th e  sam e t im e  p e r io d .
V a s c u la r  p l a n t  d e b r i s ,  o l i g o c h a e t e s , h y d r o p t i l i d s , c o p e p o d s ,  and 
e p h e m e r o p te r a n s  ( e s p e c i a l l y  e p h e m e r e l l i d s  and  t r i c o ry th id s )  were  m e n ­
t io n e d  in th e  p r e c e d in g  s e c t io n  a s  b e in g  more im portan t  to  C .  q i ra rd i  th a n  
to  b a i r d i . V a s c u la r  p l a n t  d e b r i s  d o e s  no t  a p p e a r  in F ig .  6  s in c e  it i s  
d i f f i c u l t  to  a s s i g n  a number  to  p i e c e s  of p lan t  m a t e r i a l .  The num bers  of 
o l i g o c h a e t e s  e a t e n  by  C .  b a i r d i  were  n e v e r  la rge  e n o u g h  to  a p p e a r  in 
t h i s  f i g u r e ,  b u t  t h o s e  e a t e n  by C .  q i ra rd i  were  t h i s  la rge  in M arc h ,  Apri l ,  
S e p te m b e r ,  and  N ovem ber .  H ydrop t i l id  num bers  were  n e v e r  very  large 
for  e i t h e r  s p e c i e s  in any  g iv e n  m onth .
C o p e p o d s  w ere  m a in ly  w in te r  and  sp r ing  food i tem s  fo r  b o th  s p e c i e s  
b u t  were  g e n e r a l l y  e a t e n  in la rg e r  num bers  by C .  q i r a rd i .  T hese  numbers
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w e r e ,  h o w e v e r ,  o n ly  la rge  e n o u g h  on  one  d a te  to  a l l o w  s t a t i s t i c a l  t e s t ­
ing  (Table 7) .  On t h i s  d a t e  (March  19 ,  1977) immature  C .  q i ra rd i  a t e  
s ig n i f i c a n t l y  g r e a t e r  num bers  of c o p e p o d s  t h a n  d id  e i t h e r  m ale  o r  im ­
mature  C .  b a i r d i .  In f a c t ,  1 ou t  of  24 C .  b a i rd i  had  e a t e n  c o p e p o d s ,  
w h i le  7 ou t  of 1 1  C .  q i ra rd i  had  e a t e n  th e m .
D a ta  for  th e  v a r io u s  g roups  of e p h e m e ro p te ra n s  a re  s im i la r  in c o m ­
p le x i ty  to  t h o s e  for  c h i r o n o m id s .  S ig n i f ican t  i n t e r s p e c i f i c  d i f f e r e n c e s  
were  found in F e b r u a ry ,  M a rc h ,  and  April  (Table 8 ) .  In F eb rua ry  immature 
C .  Qirardi a t e  s ig n i f i c a n t l y  more e p h e m e ro p te ra n s  t h a n  did  m a le ,  f e m a l e ,  
or  immature  C .  b a i r d i . On M a rch  5 ,  1977 th e re  were  no s ig n i f i c a n t  i n t e r ­
s p e c i f i c  d i f f e r e n c e s  in t h e  num bers  of e p h e m e r e l l i d s  e a t e n ,  bu t  immature 
C .  b a i r d i  d id  e a t  s ig n f i c a n t l y  l a rg e r  numbers  a t  S ta t ion  3 t h a n  a t  S ta t ion  
1 .  On M arch  19 ,  1977 immature C .  b a i rd i  from S ta t ion  3 a te  s ig n i f i c a n t ly  
more e p h e m e r e l l i d s  th a n  did male  C .  b a i rd i  from S ta t io n  4 bu t  not  more 
t h a n  did immature  C .  q i ra rd i  from S ta t ions  3 an d  4.  It i s  a l s o  i n t e r e s t i n g  
to  n o te  t h a t  , c o n t r a ry  to  d a ta  fo r  M arch  5 ,  immature C .  b a i rd i  a te  more 
e p h e m e r e l l i d s  a t  a more d o w n s t re am  s ta t i o n  (Sta t ion 3) th a n  th e y  did  a t  
a more u p s t r e am  s t a t i o n  (Sta t ion 4 ) .  R e s u l t s  for  April  16 ,  1977 are  co m ­
p l i c a t e d ,  bu t  immature C .  b a i rd i  d id  e a t  s ig n i f i c a n t l y  more e p h e m e r e l l id s  
a t  S ta t ion  4 t h a n  d id  immature  C .  q i r a r d i . N e i th e r  s p e c i e s  a t e  many of 
t h e s e  i n s e c t s  a t  S ta t ion  5 .  A lso ,  on  August  27 and  28 ,  1977 a d i e l  p a t te rn  
w a s  e v id e n t  for  immature  C .  b a i r d i  w i th  more e p h e m e ro p te ra n s  b e ing  e a t e n  
in th e  morning of th e  28th th a n  in th e  e v e n in g  of the  27 th .  Numbers  of 
t r i c o r y th id s  w ere  n e v e r  l a rge  en o u g h  to  t e s t  s t a t i s t i c a l l y ,  bu t  th e  d i f f e r ­
e n c e  n o te d  in  th e  p re c e d in g  s e c t io n  i s  e v id e n t  ( a l th o u g h n o t  large)  in F ig .  6 .
TABLE 7
MANN -WHITNEY OR KRUSKAL-WALLIS TESTS OF THE SIGNIFICANCE OF 
DIFFERENCES IN NUMBERS OF COPEPODS EATEN BY COTTUS BAIRDI 
AND COTTUS GIRARDI. (See Table  6  for fu r the r  e x p l a n a t i o n ) .
D a te S ta t io n s  T e s te d Groups  T e s ted T w o - t a i l  p
3 - 1 9 - 7 7 3 / 4 ib > 0 . 1 0
3 - 1 9 - 7 7 3 / 4 i(3 > 0 . 9 2 2
3 - 1 9 - 7 7 3 / 4 mb , i b ,  ig < 0 . 0 0 1
3 - 1 9 - 7 7 3 ,  4 m b ,  ib > 0 . 1 0
3 - 1 9 - 7 7 3 ,  4 a l i b ,  ig < 0 .0 0 0 1 4
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TABLE 8
MANN -WHITNEY OR KRUSKAL-WALLIS TESTS OF THE SIGNIFICANCE OF 
DIFFERENCES IN NUMBERS OF EPHEMEROPTERAN LARVAE EATEN BY 
COTTUS BAIRDI AND COTTUS GIRARDI. (See Table  6  fo r  fu r the r  
e x p l a n a t i o n ) .
D a te Food C a te g o ry
S ta t io n s
T e s ted Groups  T e s te d T w o - t a i l  p
2 - 1 0 - 7 7 Total
E phe m e rop te rans 3 , 4 , 5 mb > 0 . 1 0
2 - 1 0 - 7 7 II 3 , 4 / 5 ib > 0 . 2 0 0
2 - 1 0 - 7 7 II 3 , 4 , 5 m b,  f b ,  ib ,  ig < 0 . 0 5
2 - 1 0 - 7 7 II 3, 4 / 5 mb,  f b ,  ib > 0 . 5 0
2 - 1 0 - 7 7 II 3 , 4 / 5 a l l b ,  ig = 0 .0 0 3 2
3 - 5 - 7 7 E p h e m e re l l id s 1 , 3 ib < 0 . 0 2 1
3 - 5 - 7 7 II 1 , 2 / 3 ,  5 mb,  f b ,  ib (Sta tion
3 - 5 - 7 7 1 , 2 / 3 ,  5
1) ,  ig > 0 . 3 0  
mb,  f b ,  ib (Station
3 - 1 9 - 7 7 II 3, 4
3) ,  ig > 0 . 1 0  
ib  = 0 .0 5
3 - 1 9 - 7 7 II 3, 4 ig = 0 .3 7 6
3 - 1 9 - 7 7 II 3 , 4 m b,  ib (Stat ion
3 - 1 9 - 7 7





3) ,  ig < 0 .0 5  
mb,  ib (Stat ion
4 ) ,  ig > 0 . 1 0  
m b ,  ib  (Sta t ion 3) <0 .02
3 - 1 9 - 7 7 II 3 , 4 m b,  ig > 0 . 1 0
3 - 1 9 - 7 7 II 3 , 4 i b , ig > 0 . 1 0
4 - 1 6 - 7 7 II 4 , 5 ib < 0 . 0 0 2
4 - 1 6 - 7 7 II 4 , 5 ig = 1 . 0 0
4 - 1 6 - 7 7 II 4 , 5 mb,  f b ,  ib (Stat ion
4 - 1 6 - 7 7 4 , 5
4) ,  ig < 0 .0 1  
mb,  f b ,  ib (Stat ion 




D a te Food  C a te g o ry S ta t io n s
T e s te d
G roups  T e s ted T w o - t a i l  p
4 - 1 6 - 7 7  E p h e m e re l l id s  4 ,  5
4 - 1 6 - 7 7  " 4
5 - 1 1 - 7 7  " 1 , 4
5 - 1 1 - 7 7  " 1 ,  2 ,  4
5 - 1 1 - 7 7  " 1 , 2 ,  4
7 - 2 5 - 7 6  To ta l
E p h e m ero p te ran s  4 ,  5
7 - 2 5 - 7 6  " 4 ,  5
8 - 2 7 ,  2 8 -7 7  " 4
8 - 2 7 ,  2 8 -7 7  " 4
8 - 2 7 - 7 7  " 4
8 - 2 8 - 7 7  " 4
a l l b  (i a t  S ta t ion  
4) ig  
i b ,  ig 
ib
ig
mg,  f b ,  i b ,  mg,
f g /  ig
< 0 . 0 0 0 7
= 0 . 0 0 2
> 0 . 2 8 0
> 0 .7 0
> 0 . 5 0
ib  = 0 .8 5 8
a b ,  i b ,  ig > 0 . 3 0
ib (be tween  d a t e s ) < 0  . 0 0 2  
ig (be tween  d a t e s )  = 0 .1 5
a b ,  i b ,  a g ,  ig > 0 . 5 0
i b ,  ig > 0 . 1 0
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Among t h o s e  i tem s  no t  i n d i c a t e d  a s  b e in g  of i n t e r e s t  in th e  p re v io u s  
s e c t i o n ,  c l a d o c e r a n s ,  h e p t a g e n e i d s , and  s ip h lo n u r id s  w ere  of  s e a s o n a l  
i m p o r t a n c e .  C l a d o c e r a n s  w ere  n e v e r  e a t e n  b y  b o th  s p e c i e s  of  s c u lp in  
in a g iv e n  m on th ,  b u t  w ere  e a t e n  in s im i la r  num bers  by  im m atures  of 
b o th  s p e c i e s  p lu s  fe m a le  C .  b a i r d i . H e p ta g e n e id  m a y f l i e s  a t t a i n e d  a 
l e v e l  of  im por tance  in C .  b a i r d i  in July t h a t  t h e y  n e v e r  a p p ro a ch ed  in C .  
q i r a r d i . Both s p e c i e s ,  h o w e v e r ,  had  d e f in i t e  p e a k s  in t h e i r  u s a g e  of 
s ip h lo n u r id  m a y f l i e s .  T h e se  w ere  of ro ugh ly  t h e  sam e  m agn i tude  b u t  were  
in d i f f e re n t  m o n t h s .
S e a s o n a l  C o m p ar i so n s
W in te r :  D ip te r a n s  formed an  im por tan t  par t  of th e  d i e t  of  bo th  s p e c i e s  
in w in te r  (Fig. 7).  In a l l  t h re e  g roups  of C .  b a i r d i , ch i ronom ids  were  
t h e  m o s t  im portan t  group (by a l l  th re e  of th e  m ethods  u s e d ) .  Only  im ­
m ature  C .  q i ra rd i  were  c o l l e c t e d  in w in t e r ,  bu t  t h e s e  e x h ib i t e d  qu i te  a 
d i f f e re n t  d i e t  from t h a t  of an y  of th e  C . b a i rd i  g r o u p s . Ch ironom ids  
r a n k e d  th i rd  in p e r c e n t  d o m in an ce  and  p e rc en t  t o t a l  number  in t h e s e  f i s h .  
Also  t h e  v a l u e s  for  c h i ronom ids  b y  a n y  of t h e  th re e  m e th o d s  were  much 
l e s s  for  immature  C .  q i ra rd i  th a n  for  any  g roup  of  C .  b a i r d i . Of th e  
m i s c e l l a n e o u s  groups  in t h i s  o r d e r ,  u n id e n t i f i e d  B rac h y ce ra ,  D o l i c h o -  
p o d i d a e ,  and  S im ul idae  were  e a t e n  on ly  b y  C .  b a i r d i , w h i le  T ipu l idae  
an d  H e l e i d a e  were  e a t e n  on ly  by  C .  q i r a rd i .  Empidids  were  e a t e n  on ly  
by  male  C .  b a i r d i  and  immature  C .  q i r a r d i .
The s i t u a t i o n  r ega rd ing  Ephem erop te ra  w as  th e  o p p o s i t e  of t h a t  s e e n  
in C h i r o n o m i d a e . By a l l  t h re e  of the  m e a s u re s  u s e d ,  u n id e n t i f i e d
F i g .  7 .  M ajor  w in te r  foods  of C o t tu s  b a i rd i  and C o t tu s  q i ra rd i  a s
p e r c e n t  f r e q u e n c y  of o c c u r r e n c e  (F re q . ) ,  p e r c e n t  t o t a l  number 
(No.)  and  p e rc e n t  f r e q u e n c y  of o c c u r r e n c e  a s  dom inan t  i tem 
(Dom. ) .  A b b rev ia t io n s  for  s p e c i e s  and  s i z e  g roups  a s  b e f o re .  
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e p h e m e r o p te r a n s  (most of t h e s e  w ere  t in y  e a r ly  i n s t a r  la rvae)  w ere  much 
more im por tan t  to  C .  q i r a rd i  t h a n  to  C .  b a i r d i . This  g roup a l s o  s e e m e d  to  
be  th e  m o s t  im por tan t  g roup  o v e r a l l  fo r  C .  q i r a rd i .
C o p e p o d s  o f fe r  a n o th e r  p o s s i b l e  d i e t a r y  d i f f e r e n c e  b e t w e e n  t h e s e  
s p e c i e s .  C .  q i r a rd i  a t e  more of t h e s e  c r u s t a c e a n s  t h a n  d id  any  group of 
C* b a i r d i . This  d i f f e r e n c e  w a s  e s p e c i a l l y  marked  in t e rm s  of  d om inance  
and  n u m b e r s .  It  i s  n o te w o r th y  t h a t  m ale  C .  b a i r d i  a t e  no c o p e p o d s ,  w h i le  
f e m a l e s  and  im m atures  made  u s e  of them  f a i r ly  o f t e n .
Among th e  l e s s  im por tan t  g roups  r o c k s ,  f i l a m e n to u s  a l g a e ,  n e m a t o d e s ,  
an d  h y d r o p s y c h id s  a re  of i n t e r e s t .  Rocks  w ere  m o s t  common in th e  s to m ­
a c h s  of m ale  C .  b a i r d i , f i l a m e n to u s  a lg a e  o cc u r re d  tw ic e  a s  o f ten  in C .  
q i r a rd i  a s  i t  d id  in a n y  g roup  of C .  b a i r d i , and  n e m a to d e s  o ccu r red  on ly  
in  male  an d  immature  C .  b a i r d i .  H y d r o p s y c h id s ,  r e l a t i v e l y  large  food 
i t e m s ,  o cc u r re d  on ly  in th e  two immature g roups  and  were  more common 
in  immature  C . b a i rd i  bu t  more im por tan t  by  th e  do m in an ce  method in 
immature  C .  q i r a r d i .  A fu r th e r  a n a l y s i s  of t h i s  d a ta  i n d i c a t e s  t h a t  immature  
C .  b a i rd i  c o n s u m e d  members  of t h e g e n e r a  C h e u m a to p s y c h e  and  Hydro -  
p s y c h e  p lu s  u n id e n t i f i e d  h y d r o p s y c h i d s ,  w h i le  immature C .  q i ra rd i  c o n -  
sumed on ly  one  C h e u m a t o p s y c h e . The s im i la r  p e r c e n t a g e s  in F ig .  7 a r e ,  
of c o u r s e ,  due  to  th e  r e l a t i v e ly  s m a l l e r  sam p le  s i z e  for  immature  C .  
q i r a r d i .
O v e r lap  v a l u e s  w i th in  C .  b a i rd i  were  much h ighe r  th a n  t h o s e  b e tw e e n  
C .  b a i r d i  and  C .  q i ra rd i  (Table 9) .  If we u s e  th e  r u l e - o f - t h u m b  t h a t  
o v e r l a p  v a l u e s  g r e a t e r t h a n  0 . 60 are  s i g n i f i c a n t ,  th en  a l l  p a i r w i s e  c o m ­
p a r i s o n s  w i th in  C .  b a i rd i  i n d i c a t e  s ig n i f i c a n t  o v e r l a p ,  and no c o m p a r i so n s
TABLE 9
WINTER DIET OVERLAP (D) BETWEEN COTTUS BAIRDI AND COTTUS 
GIRARDI. ABBREVIATIONS FOR SPECIES AND SIZE GROUPS AS IN TABLE 
6 .
mb fb ib
mb __ - -
fb . 6 6 - -
ib .7 6 . 77 - -
ig .3 6 .39 .47
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b e t w e e n  C .  b a i r d i  and  C .  q i ra rd i  in d i c a t e  s ig n i f i c a n t  o v e r l a p .  The 
h i g h e s t  o v e r l a p  v a l u e s  a r e  b e t w e e n  b o th  g roups  of  m ature  C .  b a i rd i  and  
immature  C .  b a i r d i , w h i le  th e  l o w e s t  v a l u e s  are  b e t w e e n  b o th  g ro u p s  of 
m a tu re  C . b a i r d i  an d  immature  C . q i r a rd i .
Spr ing:  D ip te r a n s  w ere  q u i t e  im por tan t  in th e  d i e t  of b o th  s p e c i e s  
in sp r in g  (Fig. 8 ) .  A g a in ,  t h i s  f a c t  w a s  m a in ly  d u e  to  th e  f am i ly  
C h i r o n o m id a e ,  a n d ,  a g a i n ,  t h i s  f a m i ly  w as  more im por tan t  (by number  
and  dom inance)  to  C .  ba i r d i . W i th in  C .  ba ird i m a le s  and  im m atures  a t e  
t h e  m o s t  c h i r o n o m id s ,  a n d  t h e y  were  m os t  o f ten  dom inan t  in m a l e s .  
U n id e n t i f i e d  n e m a to c e r a n s  w ere  much  more common in ad u l t  C .  q i ra rd i  
t h a n  in an y  o th e r  g ro u p ,  and  some of t h e s e  l a rvae  may h av e  b e e n  c h i r o ­
n o m id s .  N e v e r t h e l e s s ,  e v e n  if a l l  of them were  c h i r o n o m id s ,  t h e r e  would  
b e  a lm o s t  no d i f f e r e n c e  in th e  f r e q u e n c y  of o c c u r r e n c e  of  t h i s  f am ily  in 
a d u l t  C .  q i ra rd i  s in c e  a lm o s t  a l l  of th e  f i s h  w h ic h  c o n t a i n e d  u n id e n t i f i e d  
n e m a t o c e r a n s  a l s o  c o n ta in e d  c h i r o n o m id s .  A lso ,  th e  a d d i t i o n a l  num bers  
c o n t r ib u te d  to  C h i ronom idae  by t h i s  u n id e n t i f i e d  group  would  no t  s i g n i f i ­
c a n t l y  e f f e c t  th e  c o n c l u s i o n s  p r e s e n t e d  a b o v e .  B ra c h y ce ra n s  were  u s e d  
m o s t ly  by  a d u l t  C .  b a i rd i  ( e s p e c i a l l y  m a l e s ) .  C o n t ra ry  to  w in te r  d a t a ,  
s im u l id s  and  t i p u l i d s  were  e a t e n  by bo th  s p e c i e s  in s p r in g ,  bu t  th e y  were 
s t i l l  m os t  im por tan t  to  f e m a le  C .  b a i r d i .
Among th e  e p h e m e r o p te r a n s  th e  m os t  im por tan t  f am ily  w a s  Ep h e -  
m e r e l l i d a e .  This  fam i ly  w as  more im por tan t  to  a d u l t  C .  q i ra rd i  (by a l l  
m e a s u re s )  t h a n  to  an y  o th e r  g roup .  Among th e  l e s s  im por tan t  mayfly  
f a m i l i e s ,  s ip h lo n u r id s  were  p robab ly  more im por tan t  to  immature  C .  
q i r a rd i  th a n  to  an y  o th e r  g roup but  w ere  t o t a l l y  a b s e n t  in a d u l t  C . q i r a rd i .
F i g .  8 . M a jo r  sp r ing  fo o d s  of C o t tu s  b a i rd i  and  C o t tu s  q i ra rd i  a s
p e r c e n t  f r e q u e n c y  of  o c c u r r e n c e ,  p e r c e n t  t o t a l  n um ber ,  and 
p e r c e n t  f r e q u e n c y  of o c c u r r e n c e  a s  dom inan t  i t e m .  A b b re v ia ­
t i o n s  fo r  s p e c i e s  and s i z e  g roups  a s  b e f o re .  Numbers  in 
p a r e n t h e s e s  a t  bo t tom  of f igure  are  sam ple  s i z e s .
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The g e n u s  I s o n y c h ia  o c cu r re d  in  f e m a le  £_•. b a i r d i , immature  C .  b a i r d i , 
a n d  im m ature  C .  g i r a rd i  bu t  w a s  r e l a t i v e l y  more im por tan t  in  t h e  l a t t e r  
g ro u p .  One Am ele tus  w a s  found  in  an  immature  C .  g i r a r d i . an d  one  
S ip h lo n u ru s  w a s  found  in b o th  an  immature  and  a m a le  C .  b a i r d i . M o s t  
of  t h e  d i f f e r e n c e  n o ted  in  F ig .  8 , h o w e v e r ,  i s  due  to  th e  f a c t  t h a t  u n ­
i d e n t i f i e d  s ip h lo n u r id s  were  r e l a t i v e l y  much more num berous  in immature  
C .  g i r a rd i  t h a n  in an y  o th e r  g ro u p .  P o ta m an th id s  (not shown in F ig .  8 ) 
w ere  o n ly  e a t e n  by  a d u l t  C .  g i r a r d i .  w h i le  P se u d o c lo e o n  (Baetidae)  w as  
e a t e n  in s m a l l  num bers  b y  im m atures  of bo th  s p e c i e s .
T r ic h o p te r a n s  were  a l s o  of some im por tance  to  b o th  s p e c i e s  in 
s p r i n g .  H y d ro p sy c h id a e  w as  th e  m o s t  importan t  fam ily  to  male  and  im­
m ature  G .  b a i r d i . H y d ro p sy c h id s  t h a t  were  no t  id e n t i f i a b l e  p a s t  th e  
f am i ly  l e v e l  were  e a t e n  in  sm a l l  num bers  by  a l l  th re e  g roups  of C .  
b a i r d i  b u t  n o t  by  C .  g i r a rd i .  M em bers  of th e  g e n u s  C h e u m a to p s y c h e  were  
found  in m a le  an d  immature  C .  b a i rd i  p lu s  immature  C .  g i ra rd i  bu t  were  
r e l a t i v e l y  m uch  more num erous  in C .  b a i rd i  ( e s p e c i a l l y  m a l e s ) .  H ydro -  
p s y c h e  o c c u r r e d  in s m a l l  num bers  in t h e  s to m a c h s  of male  and  immature  
C .  b a i r d i  p lu s  f e m a le  C .  g i r a r d i . H y d r o p t i l i d a e , t h e  o th e r  im portan t  
f am i ly  in t h i s  o r d e r ,  w a s  more im por tan t  to  b o th  s i z e  c l a s s e s  of C .  g i r a rd i .  
By f a r  t h e  m os t  im por tan t  g e n u s  in  t h i s  f a m i ly ,  H y d r o p t i l a , w a s  e a t e n  by  
a l l  f i s h  g ro u p s  e x c e p t  f e m a le  C .  g i r a rd i  and  w a s  r e l a t i v e l y  m ost  num erous  
in male  a n d  immature  C .  g i r a rd i .  A n u m e r ic a l ly  un im por tan t  g e n u s ,  
O x y e t h i r a . o cc u r re d  on ly  in immature C .  g i r a rd i .  F i n a l l y ,  P o ly c e n t ro -  
p o d id s  were  a l s o  o n ly  e a t e n  by C .  g i r a r d i .
S e v e r a l  l e s s  im por tan t  g roups  a re  a l s o  of i n t e r e s t .  R o c k s ,  v a s c u l a r
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p la n t  d e b r i s ,  a n d  f i l a m e n to u s  a l g a e  w ere  a l l  m os t  common in a d u l t  C .  
g i r a r d i .  N e m a to d e s  a p p e a r e d  in im m ature  C .  g i ra rd i  b u t  w ere  m os t  common 
in male  and  immature  C .  b a i r d i . F i n a l l y ,  c o p e p o d s  seem  to  hav e  b e e n  
m o s t  im p o r ta n t  in f e m a le  C .  b a i rd i  a n d  immature  C .  g i r a rd i .
A g a in ,  a l l  i n t r a s p e c i f i c  c o m p a r i s o n s  r e v e a l e d  s ig n i f i c a n t  d i e t a ry  
o v e r l a p  (Table 10) .  In a d d i t i o n  to  t h e s e  c o m p a r i s o n s ,  h o w e v e r ,  o v e r l a p  
w a s  a l s o  s ig n i f i c a n t  b e tw e e n  a l l  g roups  of C .  b a i rd i  and  male  C .  g i ra rd i  
an d  b e t w e e n  fe m a le  C .  b a i rd i  and  immature  C .  g i r a rd i .  The pa i r  with  th e  
h i g h e s t  o v e r l a p  w a s  male  C .  b a i r d i - immature C .  b a i r d i , and  th e  p a i r s  
w i th  th e  l o w e s t  o v e r l a p  w ere  m ale  C .  b a i r d i - f e m a le  C .  g i ra rd i  an d  im ­
m ature  C .  b a i r d i - f e m a le  C .  g i r a rd i .
Summer: O n ce  a g a in  th e  o rde r  D ip te ra  w as  an  importan t  food g ro u p ,  
a l t h o u g h  no t  to  th e  e x t e n t  t h a t  i t w a s  in sp r ing  (Fig. 9) .  The nu m e r ic a l  
im p o r ta n c e  of  c h i ro n o m id s  in immature C .  b a i r d i  d e c r e a s e d  d r a s t i c a l l y  
from sp r in g  v a l u e s ,  w h i le  t h a t  in immature  C .  g i r a rd i  r e m a in ed  r e l a t i v e ly  
c o n s t a n t .  The summer  d o m in a n ce  v a lu e  for  t h i s  g roup w a s  l e s s  t h a n  th e  
sp r ing  v a l u e  in im m ature  C .  b a i r d i  b u t  fou r  t im e s  g r e a t e r  t h a n  th e  spring 
v a lu e  in immature  C .  g i r a r d i .  All mature  g roups  a t e  f ew e r  ch i ronom ids  
in th e  sum m er .  This  fam ily  w a s  more im por tan t  (by b o th  num ber  and dom ­
in a n c e )  to  f e m a le  C .  b a i rd i  t h a n  to  a n y  o th e r  mature  g roup .  The on ly  
o th e r  im por tan t  d ip te ra n  f a m i ly ,  T ip u l id a e ,  w a s  e a t e n  m o s t  o f te n  by f e ­
m ale  C .  g i r a rd i  b u t  w a s  not  e a t e n  a t  a l l  by  male  C .  g i r a rd i .  Aga in ,  
s im u l id s  w ere  e a t e n  o n ly  by  C .  b a i r d i  (males  and  im m a tu re s ) .
E p h e m e re l l id s  w ere  not  im por tan t  food i tem s  in sum m er ,  but  th ree  
o th e r  f a m i l i e s  of m a y f l i e s ,  T r i c o r y t h id a e , S ip h l o n u r i d a e , and  H e p t a -
TABLE 10
SPRING DIET OVERLAP (D) BETWEEN COTTUS BAIRDI AND COTTUS GIRARDI. 
ABBREVIATIONS FOR SPECIES AND SIZE GROUPS AS IN TABLE 6 .











mg . 69 . 79 .69
fg .36
CO'sr• . 3 6 . 65 - -
ig . 5 4 . 69 .52 .72 .6 7
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F i g .  9 .  M ajo r  summer fo o d s  of C o t tu s  b a i rd i  and  C o t tu s  g i ra rd i  a s  
p e r c e n t  f r e q u e n c y  of o c c u r r e n c e ,  p e r c e n t  t o t a l  num ber ,  and 
p e r c e n t  f r e q u e n c y  of o c c u r r e n c e  a s  d om inan t  i t e m .  Abbre­
v i a t i o n s  for  s p e c i e s  and  s i z e  g roups  a s  b e f o re .  Numbers  
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g e n e i d a e ,  w ere  of i m p o r t a n c e .  T r ico ry th ids  w ere  m os t  common and  most  
n u m ero u s  in  male  C .  g i r a rd i  s t o m a c h s . bu t  d o m in a n c e  v a l u e s  w ere  s im i la r  
in a l l  s i z e s  of b o th  s p e c i e s  of s c u l p i n .  S iph lonur ids  w ere  m o s t  im portan t  
in  a d u l t  C .  b a i rd i  and  male  C .  g i r a r d i .  F e m a le  C .  g i r a rd i  w ere  th e  on ly  
f i s h  t h a t  d id  no t  e a t  t h e s e  m a y f l i e s .  All s ip h lo n u r id s  t h a t  w ere  keyed 
to  g e n u s  w ere  Is  o n y c h i a . This  g e n u s  w a s  of  s im i la r  n u m e r ic a l  im por tance  
in  f e m a le  C .  b a i r d i , im m ature  C .  b a i r d i , and  immature C .  g i r a rd i .
The d i f f e r e n c e  n o ted  in F i g .  9 i s  p r im ar i ly  due  to  s ip h lo n u r id s  t h a t  were  
no t  i d e n t i f i a b l e  b ey o n d  f a m i ly .  H e p ta g e n e id s  were  so m e w h a t  more im­
p o r ta n t  in mature  C .  b a i r d i  t h a n  in a n y  of th e  o th e r  f i s h  g r o u p s .  Again ,  
t h i s  d i f f e r e n c e  i s  m a in ly  due  to  t h o s e  h e p t a g e n e i d s  t h a t  w ere  no t  i d e n t i ­
f i a b le  b e y o n d  f a m i ly .  Of t h e  g e n e ra  t h a t  were  i d e n t i f i e d ,  S tenonema 
w a s  e a t e n  by  male  C .  b a i r d i ,  immature  C .  b a i r d i . and  f e m a le  C .  g i ra rd i ;  
Epeo rus  w a s  e a t e n  on ly  b y  im mature  C .  ba i rd i ;  an d  S ten ac ro n  w a s  e a t e n  
b y  f e m a le  C .  b a i r d i , immature  C .  b a i r d i , and  male  C .  g i r a r d i . The r e ­
l a t i v e l y  u n im por tan t  f am i ly  B ae t idae  w a s  e a t e n  on ly  by C .  b a i rd i  (all 
t h r e e  g r o u p s ) .
Two f a m i l i e s  of  c a d d i s f l i e s  w ere  im por tan t  summer  food i t e m s .  
H y d r o p s y c h id s  were  m o s t  im por tan t  in C .  b a i r d i  ( e s p e c i a l l y  m a le s  and 
im m a tu re s ) .  The o n ly  f i s h  t h a t  d id not  e a t  h y d r o p s y c h id s  were  m ale  C .  
g i r a r d i .  C h e u m a to p s y c h e  w a s  found in a l l  t h re e  g roups  of C .  b a i rd i  p lus  
im m ature  C .  g i r a r d i ., b u t  t h e  r e l a t i v e  numbers  of t h i s  g e n u s  were  much 
h ig h e r  in C .  b a i rd i  ( e s p e c i a l l y  im m a tu re s ) .  H y d ro p sy c h e  w a s  found  on ly  
in  C .  b a i r d i  and  w a s  r e l a t i v e l y  m os t  num erous  in f e m a l e s .  H ydrop t i l id s  
w ere  e a t e n  b y  a l l  f i s h  g ro u p s  bu t  were  m o s t  im por tan t  to  f e m a le  C .  g i r a r d i .
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The m o s t  im p o r tan t  g e n u s  in  t h i s  f a m i ly ,  H y d r o p t i l a , w a s  e a t e n  in 
m o d e ra te  num bers  by  male  C .  b a i r d i . immature  C .  b a i r d i . and  f e m a le  C .  
g i ra rd i  an d  in l e s s e r  num bers  b y  immature  C .  g i r a rd i .  In a d d i t i o n ,  s ix  
O x y e th i ra  were  e a t e n  in  summer; a l l  of t h e s e  were  e a t e n  b y  immature  C .  
g i r a r d i .
Four  f a m i l i e s  of  c a d d i s f l i e s  w h ic h  w ere  no t  im por tan t  en o u g h  to  
a p p e a r  in  F ig .  9 ,  L e p t o c e r i d a e , P o l y c e n t r o p o d i d a e , G l o s s o s o m a t i d a e , 
and  O d o n t o c e r i d a e , were  o n ly  e a t e n  by  C . b a i r d i .
A g a in ,  s e v e r a l  l e s s  im por tan t  g roups  a re  of i n t e r e s t .  G a s t ro p o d s  
and  n e m a to d e s  (which do no t  a p p e a r  in F ig .  9) were  e a t e n  o n ly  by  C .  
b a i r d i , w h i le  E theos tom a  f l a b e l l a r e  and  d r a g o n f l i e s  (Anisoptera) were  
o n ly  e a t e n  by  C .  g i r a rd i .  Rocks  w ere  m o s t  common in f em a le  C .  b a i r d i , 
v a s c u l a r  p l a n t  d e b r i s  in fem a le  C .  b a i r d i  and  male  C .  g i r a r d i , and  
f i l a m e n to u s  a l g a e  in ad u l t  C .  b a i r d i  and  male  C .  g i r a r d i .
All d i e t a r y  o v e r l a p  v a l u e s  were  r e l a t i v e l y  high in summer (Table 11) .  
C o n t ra ry  to  d a ta  for  t h e  tw o  p rev io u s  s e a s o n s ,  h o w e v e r ,  tw o  i n t r a s p e ­
c i f i c  p a i r s ,  male  C .  g i r a r d i - f e m a le  C .  g i ra rd i  and  immature  C .  g i r a rd i -  
f e m a le  C .  g i ra rd i  d id  not q u i te  o v e r l a p  s ig n i f i c a n t ly  in d i e t  (D = 0 .5 8  in 
b o th  c a s e s ) .  All o v e r l a p  v a l u e s  fo r  t h i s  s e a s o n  a re  g r e a t e r  t h a n  0 . 5 4  w i th  
th e  l a r g e s t  b e in g  b e t w e e n  f e m a le  a n d  immature  C .  b a i r d i  and  t h e  s m a l l e s t  
b e in g  b e tw e e n  f e m a le  C .  b a i rd i  and  f e m a le  C .  g i r a rd i .
F a l l :  On ly  two  f a m i l i e s  of  d i p t e r a n s  were  im por tan t  f a l l  food i tems 
(Fig. 10) .  The u s e  of  ch i ro n o m id s  in f a l l  w as  s im i la r  to  t h a t  in sp r in g .
C .  b a i r d i  a t e  l a rge  num bers  of t h e s e  f ly  la rv a e  r e l a t i v e  t o C .  g i r a r d i .
This  t r e n d  s e e m s  to  hold for a l l  g roups  of both  s p e c i e s  bu t  i s  m os t  marked
TABLE 11
SUMMER DIET OVERLAP (D) BETWEEN COTTUS BAIRDI AND COTTUS 
GIRARDI. ABBREVIATIONS FOR SPECIES AND SIZE GROUPS AS IN TABLE 
6 .
mb fb ib mg fg
mb - -
fb .73
ib .71 . 77
mg .62 .65 . 62 - -
fg . 69 .5 4 . 6 8 .58
ig .62 .73 . 6 8 .72 .58
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F i g .  10 .  M ajo r  f a l l  fo o d s  of C o t tu s  b a i rd i  and  C o t tu s  g i ra rd i  a s  
p e r c e n t  f r e q u e n c y  of o c c u r r e n c e ,  p e r c e n t  t o t a l  num ber ,  
and  p e r c e n t  f r e q u e n c y  of o c c u r r e n c e  a s  dom inan t  i tem .  
A b b rev ia t io n s  for  s p e c i e s  and  s iz e  g ro u p s  a s  b e f o re .  
N um bers  in p a r e n t h e s e s  a t  bot tom of f igure  are  sam ple  
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in  a d u l t s  s in c e  a d u l t  C .  g i ra rd i  a t e  no ch i ro n o m id s  in f a l l .  T ip u l id s ,  
h o w e v e r ,  w ere  s o m e w h a t  more im por tan t  (by a l l  t h r e e  m e a s u re s )  to  a d u l t  
£ •  g i ra rd i  t h a n  to  a n y  o th e r  g ro u p .  A gain ,  s im u l id s  w ere  e a t e n  on ly  by  
f e m a le  C .  b a i r d i .
Among th e  e p h e m e r o p t e r a n s , o n ly  s m a l l ,  u n id e n t i f i e d  fo rm s ,  b a e t i d s ,  
a n d  h e p t a g e n e i d s  (which  do no t  a p p e a r  in  F ig .  10) w ere  e a t e n  in f a l l .
All t h r e e  of t h e s e  g roups  w ere  a b s e n t  in C .  g i ra rd i  s t o m a c h s ,  w h e re a s  C .  
b a i r d i  a t e  them  f re q u e n t ly  th o u g h  no t  in la rge  n u m b e r s .
H y d r o p sy c h id s  w ere  t h e  m o s t  im por tan t  f a m i ly  of c a d d i s f l i e s  e a t e n  in 
f a l l .  A ccord ing  to  F ig .  1 0 ,  t h i s  f am ily  w a s  much  more im por tan t  to  adu l t  
C .  g i r a rd i  t h a n  to  any  o th e r  g ro u p .  A c l o s e r  look  a t  t h i s  d a t a ,  h o w e v e r ,  
r e v e a l s  t h a t  t h i s  d i f f e r e n c e  i s  not so  c l e a r  c u t .  Only  two h y d ro p sy c h id s  
w ere  not  keyed  b ey o n d  f a m i ly ,  and  immature  of b o th  f i s h  s p e c i e s  c o n ­
t a i n e d  one  of t h e s e  c a d d i s f l i e s .  C h e u m a to p s y c h e  w as  e a t e n  in  sm al l  
num bers  by  bo th  m ale  and  immature  C .  b a i r d i . H y d ro p sy ch e  w a s  e a t e n  by 
bo th  immature  C .  b a i rd i  and  f e m a le  C .  g i ra rd i  bu t  in r e l a t i v e l y  g r e a t e r  
num bers  by th e  l a t t e r  g ro u p .  On th e  o th e r  h a n d ,  on ly  C .  b a i rd i  c o n ta in e d  
h y d ro p t i l id s  and  two f a m i l i e s  not  a p p e a r in g  in F ig .  10 ,  L e p to c e r id ae  and  
G l o s s o s o m a t i d a e .
G a s t ro p o d s  a s s u m e d  a g r e a t e r  i m p o r t a n c e ,  e s p e c i a l l y  in te rm s  of 
d o m i n a n c e ,  in f a l l  t h a n  in  an y  o th e r  s e a s o n .  M ature  C .  b a i r d i  made 
g r e a t e r  u s e  of t h i s  food i tem t h a n  did  an y  o th e r  g ro u p .
A n n e l id s  and  c o p e p o d s ,  h o w e v e r ,  were  found  on ly  in C .  g i r a rd i .
Both of t h e s e  g ro u p s  w ere  f a i r ly  im portan t  in t e rm s  of  dom in an ce  and  f r e ­
q u e n c y  of o c c u r r e n c e .  A nne l id s  w ere  a l s o  s ig n i f c a n t  in te rm s  of n u m b e r s .
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It i s  i n d i c a t i v e  of the  s m a l l  am ount  of  food e a t e n  by  C .  g i ra rd i  in th i s  
s e a s o n  t h a t  a r e l a t i v e l y  s m a l l  food i tem s u c h  a s  c o p e p o d s  (which were  
e a t e n  in s m a l l  num bers)  w a s  dom inan t  by  volume in two f i s h  (1 2 % of t h e  
t o t a l  num ber  of s p e c i m e n s ) .
Also i n t e r e s t i n g  in  t h i s  r eg a rd  i s  th e  f a c t  t h a t  tw o  n o n - fo o d  or  a c c i ­
d e n t a l  food i t e m s ,  r o c k s  and  v a s c u l a r  p lan t  d e b r i s ,  were  v e ry  important  
in t h e  gu t  c o n t e n t s  of C .  g i ra rd i  in f a l l .  Rocks o c c u r re d  m uch  more f r e -  
g u e n t ly  t h a n  any  o th e r  i tem  in C .  g i r a rd i ,  and  v a s c u l a r  p lan t  d e b r i s  t i e d  
w i th  c h i ro n o m id s  for  s e c o n d  p l a c e  in t h i s  c a t e g o r y .  V a s c u la r  p lan t  d e ­
b r is  w a s  a l s o  im por tan t  to  immature  C .  g i ra rd i  in t e rm s  of d o m in a n c e .
Among th e  l e s s  im por tan t  g r o u p s , f i s h  were  e a t e n  on ly  by male C .  
g i r a r d i , and  w a te r  m i te s  (Acari) w ere  e a t e n  on ly  by  C .  b a i r d i .
F a l l  o v e r l a p  v a l u e s  were  s ig n i f i c a n t  for  only  one  of th e  p a i r s  th a t  
w ere  t e s t e d :  m ature  C .  b a i r d i - immature  C .  b a i rd i  (Table 12) .  Adult C .  
b a i r d i  and  immature  C .  b a i r d i  showed  a lm o s t  no o v e r l a p  w i th  ad u l t  C .  
g i r a r d i , and  t h a t  b e t w e e n  a d u l t  C .  g i ra rd i  and  immature  C .  g i ra rd i  w as  
th e  l o w e s t  r e c o rd e d  in a n y  s e a s o n  fo r  an  i n t r a s p e c i f i c  p a i r .
Summary of Food H ab i t s
Benth ic  i n s e c t  la rv a e  were  t h e  main  food i tem s  of bo th  C o t tu s  b a i rd i  
and  C o t t u s  g i ra rd i  in N aked  C r e e k ,  V irg in ia .  D e s p i t e  th e  o v e ra l l  s im i ­
la r i ty  of th e  d i e t s  of t h e s e  two s p e c i e s ,  h o w e v e r ,  s e v e r a l  d i f f e r e n c e s  
w i th  r eg a rd  to  g iv e n  food i tem s  were  e v i d e n t .  My d a ta  for  immature f i s h  
p ro b ab ly  p r e s e n t  a f a i r ly  a c c u r a t e  p ic tu re  of t h e  d i e t s  of t h e s e  two s c u l -  
p in s  w hen  th e y  a re  l e s s  t h a n  45 mm SL, bu t  t h a t  for  mature  f i s h  m ust  be
TABLE 12
FALL DIET OVERLAP (D) BETWEEN COTTUS BAIRDI AND COTTUS GIRARDI. 
ABBREVIATIONS FOR SPECIES AND SIZE GROUPS AS IN TABLE 6.
ab ib ag
a b — - - - -
ib .87 - -
ag
CDo CDO• _ _
ig .41 .42 .37
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c o n s id e r e d  t e n t a t i v e  in many c a s e s  ( e s p e c i a l l y  for  C .  g i ra rd i )  due  to  
s m a l l  s a m p le  s i z e .
D ip te ra  w a s  t h e  m o s t  im por tan t  o rd e r  of i n s e c t s  in t h e  d i e t  of  C .  
b a i r d i  and  o n e  of  t h e  two m ost  im por tan t  o rde rs  in th e  d i e t  of C .  g i r a rd i .
The m o s t  im por tan t  f am i ly  of d i p t e r a n s  in th e  d i e t  of b o th  s p e c i e s  w as  
C h i r o n o m i d a e . C .  b a i r d i  u s e d  t h e s e  la rv a e  m os t  h e a v i l y  in s p r in g ,  whi le  
g i r a rd i  u s e d  th em  m ost  h e a v i l y  in sum m er .  In f a c t ,  th e  d a ta  in d i c a t e  
t h a t  t h i s  f am i ly  w a s  more im por tan t  to  C .  b a i rd i  t h a n  to  C .  g i r a rd i  in a l l  
s e a s o n s  e x c e p t  sum m er .  The o n ly  c o n s i s t e n t  i n t r a s p e c i f i c  p a t t e rn  in th e  
u s e  of c h i ro n o m id s  w a s  in th e  f a c t  t h a t  immature  C .  g i ra rd i  u s e d  them 
more t h a n  did a d u l t s .  M embers  of th e  su b o rd e r  Brachycera  were  im portan t  
food i t e m s  o n ly  in w in te r  and  s p r in g .  In g e n e r a l ,  t h e s e  f ly  l a rv ae  were  
more im por tan t  to  C .  b a i rd i  ( e s p e c i a l l y  m ales )  th a n  to  C .  g i r a r d i . One 
fa m i ly  of b r a c h y c e r a n s  t h a t  w a s  so m ew h a t  importan t  a s  a w in te r  fo o d ,  
D o l i c h o p o d i d a e , w a s  e a t e n  on ly  by  C .  b a i r d i . The m os t  im por tan t  f am ily  
in t h i s  s u b o rd e r ,  E m p id id ae ,  w a s  e a t e n  by  b o th  s p e c i e s  bu t  w a s  so m ew h a t  
m o s t  im por tan t  (by a l l  m e a s u re s )  to  C .  b a i r d i . T ipu l ids  (suborder  N e m a -  
t o c e r a )  w ere  e a t e n  by b o th  s p e c i e s  in sm a l l  num bers  bu t  were  m o s t  im por­
t a n t  to  C .  g i ra rd i  in  a l l  s e a s o n s  e x c e p t  sp r in g .  Among th e  l e s s  f r e q u e n t ly  
e a t e n  g roups  of d i p t e r a n s ,  h e l e i d s  and  m u s c i d s  were  e a t e n  on ly  by  C .  
g i r a r d i .
E p h e m e ro p te ra n s  were  p ro b ab ly  th e  most  im por tan t  food for  C .  g i ra rd i  
and  d e f i n i t e l y  th e  s e c o n d  m ost  im por tan t  food for  C .  b a i r d i . M uch  of th e  
o v e r a l l  d i f f e r e n c e  in p e r c e n t a g e s  ( e s p e c i a l l y  in t e rm s  of num bers)  fo r  t h i s  
o rd e r  b e t w e e n  C .  g i ra rd i  and  C .  b a i r d i  w as  due to  th e  much l a rg e r  num bers
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of c h i ro n o m id s  in C .  b a i r d i  s to m a c h s  an d  not  to  g r e a t  d i f f e r e n c e s  in n u m ­
b e r s  of  m a y f l i e s  e a t e n  b y  t h e  tw o  s c u lp i n s  ( see  F i g .  6 ) .  E p h e m e r e l l i d a e , 
th e  m o s t  im por tan t  f am i ly  of  m a y f l i e s  in th e  d i e t s  of bo th  f i s h ,  w ere  on ly  
e a t e n  f r e q u e n t ly  in s p r in g .  O v e r a l l ,  t h i s  f am ily  s e e m e d  more im por tan t  
to  C^ . g i r a r d i , bu t  s t a t i s t i c a l  t e s t s  on s e v e r a l  d a t e s  i n d i c a t e d  t h a t  C .  
b a i r d i  had  e a t e n  s ig n i f i c a n t l y  l a rg e r  num bers  of  t h e s e  l a r v a e .  The o v e r a l l  
d i f f e r e n c e  b e t w e e n  s p e c i e s  w a s ,  h o w e v e r ,  a f f e c te d  by th e  r e l a t i v e l y  
g r e a t e r  im p o r tan ce  of e p h e m e r e l l i d s  in t h e  d ie t  of ad u l t  C .  g i ra rd i  (this  
g roup  w a s  no t  g e n e r a l l y  u s e a b l e  in s t a t i s t i c a l  t e s t s  b e c a u s e  of sm a l l  
s am ple  s i z e s ) .  Ephem ere l l id  c o n su m p t io n  p e a k e d  in April  for  C .  b a i rd i  
and  in May for  C .  g i ra rd i  p e r h a p s  in d i c a t in g  t h a t  the  two f i s h  s p e c i e s  
were  u s in g  tw o  d i f fe ren t  e p h e m e re l l id  s p e c i e s  t h a t  r e a c h e d  th e i r  p e a k  
a b u n d a n c e  a t  d i f fe ren t  t i m e s .  T r ico ry th id s  a l s o  se em e d  more importan t  
to  C .  g i r a rd i  o v e r a l l .  A ga in ,  t h i s  d i f f e r e n c e  s e e m s  to  b e  m ain ly  due  to  
g r e a t e r  u s e  by  a d u l t  C .  g i ra rd i  ( e s p e c i a l l y  m a l e s ) .  The p e a k  o c c u r r e n c e  
of t h i s  food item w a s  in August  for bo th  s p e c i e s .  H e p ta g e n e id a e  and  
S ip h lo n u r id ae  w ere  of s im i l a r  o v e r a l l  im por tance  to  both  s c u l p i n s .  C .  
b a i r d i , h o w e v e r ,  a t e  many more h e p t a g e n e i d s  th a n  d id  C .  g i r a rd i  in July 
(the p e a k  month  fo r  t h i s  f a m i ly ) ,  an d  a d u l t  C .  g i ra rd i  n e v e r  a t e  many of 
t h e s e  m a y f l i e s .  Also th e  g r e a t e s t  u s a g e  of s ip h lo n u r id s  w a s  in April  for  
C .  g i ra rd i  and  June for  C .  b a i r d i . The sp r ing  p e a k  in u s a g e  for  C .  g i ra rd i  
w a s  m ain ly  th e  r e s u l t  of r e l a t i v e l y  la rge  num bers  of u n id e n t i f i e d  s i p h l o ­
nu r id s  ( those  not  id e n t i f i a b l e  b e y o n d  family)  b e ing  e a t e n  by  immature C .  
g i r a r d i . The summer p ea k  for  C .  b a i rd i  w as  a g a in  m a in ly  due to  u n i d e n t i ­
f ie d  s ip h lo n u r id s  (mostly  in m a l e s ) .  G enera  id e n t i f i e d  in c lu d e  I s o n y c h i a ,
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A m e l e t u s , an d  S i p h l o n u r u s , bu t  o n ly  I s o n v c h ia  w a s  of much im p o r ta n c e .  
T h is  g e n u s  o c c u r re d  in f e m a le  C_. b a i r d i  an d  im m atures  of b o th  s p e c i e s  p r i ­
m ar i ly  in sp r ing  an d  summer  and  w a s  more im por tan t  in th e  d i e t  of  th e  
im m a tu re s .  Small u n id e n t i f i a b l e  e p h e m e r o p te r a n s  w ere  s o m e t im e s  im por­
t a n t  food i t e m s ,  and  t h e y  w ere  more im por tan t  in C .  g i ra rd i  t h a n  in C .  
b a i r d i . This  t r e n d  i s  e s p e c i a l l y  n o t i c e a b l e  in immature  C .  g i r a rd i  in 
F e b r u a ry .  F i n a l l y ,  tw o  of t h e  in f re q u e n t ly  e a t e n  f a m i l i e s  of m a y f l i e s ,  
L e p to p h le b i id a e  and  P o t a m a n t h i d a e , were  e a t e n  on ly  by  <3. g i r a rd i .
The th i rd  m o s t  im por tan t  o rd e r  or  i n s e c t s  in th e  d i e t s  of b o th  s p e c i e s  
w a s  Trie ho pt era . H y d ro p sy c h id s  were  e a t e n  more c o n s i s t e n t l y  by  C .  
b a i r d i  th ro u g h o u t  th e  y e a r ,  b u t ,  a g a i n ,  b o th  s p e c i e s  show ed  p e a k s  in 
th e  u s a g e  of t h i s  p rey  in d i f f e r e n t  months  (July fo r  C .  b a i rd i  and  Septem ber  
f ° r C .  g i r a rd i ). M a le  C .  g i ra rd i  were  th e  on ly  f i s h  t h a t  a t e  no h y d ro ­
p s y c h i d s .  In c o n t r a s t  to th e  o th e r  food i tem s  c o n s i d e r e d ,  m os t  h y d ro ­
p s y c h id s  w ere  keyed  to  one  of  two g e n e r a ,  and  bo th  of t h e s e  w ere  e a t e n  
in m o d e ra te  to  la rge  n u m b e r s .  C h e u m a to p s v c h e  w as  e a t e n  by a l l  th re e  
g ro u p s  of C .  b a i r d i  p lu s  im mature  C .  g i r a r d i , but  w as  m os t  im por tan t  to  
male  a n d  immature  C .  b a i r d i . All th re e  g ro u p s  of C .  b a i rd i  p lu s  fem a le  
C .  g i r a rd i  a t e  H y d r o p s y c h e . F em a le  a n d  immature  C .  b a i rd i  u s e d  t h i s  
g e n u s  m os t  e x t e n s i v e l y ,  and  i t s  u s e  by  a l l  th re e  groups  of C .  b a i rd i  w a s  
m o s t ly  dur ing  sum m er .  F em a le  C .  g i r a rd i  a t e  r e l a t i v e ly  more h y d r o p s y c h id s  
t h a n  a n y  o th e r  f i s h  group in f a l l .  This t r e n d ,  h o w e v e r ,  is  b a s e d  on o n ly  
two f i s h ,  and  one  of them had e a t e n  an  u n u s u a l l y  la rge  number  of H ydro -  
p s v c h e . H y d ro p t i l id s  were u s e d  to  a s im i la r  d eg re e  by bo th  s p e c i e s .
M o s t  of  t h e s e  c a d d i s f l i e s  were  a l s o  a s s i g n a b l e  to  g e n u s ,  and th e  m os t
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im p o r tan t  g e n u s  w as  H y d r o p t i l a . O v e r a l l  t h i s  g e n u s  w a s  m o s t  im portan t  
in  d i e t s  of  m a le s  and  im m atu res  among C .  b a i r d i  and  f e m a le s  and  im m atures  
among C .  g i r a r d i .  O n ce  a g a i n ,  t h e  g ro u p s  e a t in g  r e l a t i v e l y  more of 
t h e s e  p rey  c h a n g e d  from s e a s o n  to  s e a s o n .  T h e se  groups  were  male  and  
immature  C .  g i ra rd i  in s p r in g ,  male  and  immature  C .  b a i r d i  p lu s  fe m a le  C .  
g i ra rd i  in sum m er ,  and  male  C .  b a i r d i  in f a l l .  The g e n u s  O x ye th i ra  a p ­
p e a r e d  o n ly  in immature C .  g i ra rd i  s t o m a c h s ,  and  it a p p e a re d  th e r e  in 
m od e ra te  num bers  in summer .  There were  a l s o  s e v e r a l  uncommon f a m i l i e s  
in th e  d i e t  of C .  b a i rd i  w h ich  did not  o c c u r  in t h a t  of  C .  g i r a r d i . T hese  
in c lu d e d  G l o s s o s o m a t i d a e , L e p to c e r i d a e , L e p id o s t o m a t i d a e , and  O d o n -  
t o c e r i d a e .  All of  t h e s e  bu t  L e p id o s to m a t id a e  o c c u r red  in im m a tu re s ,  and  
L e p id o s to m a t id a e  and L e p to c e r id a e  o c c u r re d  in m a l e s .
Two s e a s o n a l l y  im por tan t  p rey  i t e m s  were  u t i l i z e d  to d i f fe ren t  d e g r e e s  
by t h e s e  two s c u l p i n s .  G a s t ro p o d s  were  m os t  num erous  in gu t  c o n t e n t s  in 
summer  and  f a l l  and  w ere  more im por tan t  in C .  b a i r d i . This prey o c c u r re d  
in  C .  b a i r d i  dur ing  four  months  and  in C .  g i ra rd i  dur ing  o n ly  one  m onth .  
A lso ,  the  g e n e ra  Physa  and  Liop lax  a long  w i th  th e  fam ily  P lano rb idae  
o c c u r re d  o n ly  in C .  b a i r d i . W i th in  C .  b a i r d i , s n a i l s  s eem ed  more im por ­
t a n t  t o  a d u l t s .  C o p e p o d s  (mainly w in te r  and  sp r ing  food i tems)  were  more 
im por tan t  in immature  C .  g i ra rd i  th a n  in an y  o th e r  g roup .  Adult C .  g i r a rd i ,  
h o w e v e r ,  u t i l i z e d  c o p e p o d s  very  l i t t l e  a s  fo o d .
In a d d i t i o n  to  th e  p re c e d in g  g r o u p s ,  s e v e r a l  l e s s  importan t  gu t  i tem s  
w ere  e i t h e r  p r e s e n t  in on ly  one s p e c i e s  or  o b v io u s ly  more common in one 
s p e c i e s  th a n  in th e  o t h e r .  Hydra s p . , p l a n a r i a n s ,  c r a y f i s h ,  four  f a m i l i e s  
of b e e t l e s ,  and  one  fa m i ly  of s to n e f l i e s  were  e a t e n  on ly  by C .  b a i r d i .
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w h i le  a m p h ip o d s  an d  f a n t a i l  d a r t e r s  (E theos tom a f l a b e l l a r e ) were  e a t e n  
o n ly  by  C .  g i r a r d i .  N em a to d e s  a p p e a r e d  f a i r l y  commonly  in s to m a c h s  
dur ing  some s e a s o n s  bu t  were  a lm o s t  e n t i r e ly  r e s t r i c t e d  to  t h e  d ie t  of C .  
b a i r d i .  C o n v e r s e l y ,  o l i g o c h a e t e s  w ere  common food i tem s  in some months  
and w ere  a lm o s t  e n t i r e ly  r e s t r i c t e d  to  th e  d i e t  of  C .  g i ra rd i  (males  and  im­
m a t u r e s ) .  A l s o ,  v a s c u l a r  p l a n t  d e b r i s  w a s  g e n e r a l l y  more common in C .  
g i r a r d i .
Two g e n e r a l  t r e n d s  were  i n d i c a t e d  in s e a s o n a l  d i e t a r y  o v e r l a p .  F i r s t ,  
t h e  l o w e s t  o v e r l a p  v a l u e s  in an y  g iv e n  s e a s o n  were  a l w a y s  b e tw e e n  i n t e r ­
s p e c i f i c  p a i r s .  O v e r la p  among th e  g roups  of C .  b a i rd i  w as  a lw a y s  
g r e a t e r  t h a n  th e  a rb i t r a ry  s ig n i f i c a n c e  l e v e l  (D = 0 . 6 0 ) .  M a le s  and  f e ­
m a le s  u s u a l l y  o v e r l a p p e d  th e  l e a s t  in d i e t  of a n y  of th e  C .  b a i rd i  p a i r s .  
W i th in  C .  g i r a r d i . tw o  p a i r s  in summer had o v e r l a p  v a l u e s  t h a t  were  j u s t  
b e lo w  th e  s ig n i f i c a n c e  l e v e l ,  and  one  pa i r  in f a l l  had  a v a lu e  t h a t  w as  
w e l l  b e lo w  t h i s  l e v e l .  The th re e  C .  b a i r d i  g ro u p s  u s u a l l y  show ed  s im i la r  
d e g r e e s  of o v e r l a p  with  C .  g i r a r d i . Among t h e  g roups  of C .  g i r a rd i ,  m a le s  
(at l e a s t  in sp r ing  and  summer) sho w ed  th e  l a r g e s t  d e g re e  of o v e r lap  with  
Q* b a i r d i , and  f e m a l e s  show ed  th e  s m a l l e s t .  The s e c o n d  g e n e r a l  t rend  
i s  t h a t  o v e r l a p  w a s  g r e a t e s t  in sp r ing  and  summer  an d  l e a s t  in f a l l  and 
w in t e r .
CURRENT PREFERENCES
C o t tu s  b a i rd i  and  C .  g i ra rd i  show ed  marked  d i f f e r e n c e s  in cu r ren t  
p r e f e r e n c e .  E s t im a te d  c u r ren t  s p e e d s  were  r ec o rd e d  for  th e  a re a  of c a p ­
tu re  of  194 C .  b a i rd i  and 132 C .  g i r a r d i . The mean c u r re n t  s p e e d  fo r  C .  
b a i rd i  w as  0 . 2 8  m / s  and  v a r i e d  s e a s o n a l l y  from 0 . 2 0  in w in te r  to  0 .3 8  
in f a l l .  The mean fo r  C .  g i r a r d i , h o w e v e r ,  w as  0 . 0 7  m / s  and  ran g ed  
from 0 . 0 0  in  f a l l  and  w in te r  to  0 . 1 0  in sp r in g .
C h a n g e s  in cu r re n t  p re fe r e n c e  with  c h a n g e s  in f i s h  s i z e  were  in d i ­
c a t e d  by  S p e a rm a n 's  c o e f f i c i e n t s  of r ank  c o r r e l a t i o n  b e tw e e n  SL and 
c u r re n t  s p e e d  for  bo th  s p e c i e s .  The v a lu e s  of t h i s  c o e f f i c i e n t  for  C .  
b a i rd i  and  C . g i r a rd i ,  r e s p e c t i v e l y ,  w ere  - 0 . 3 8 1 9  (p = 0 . 0 0 1 ,  HQ: th e re  
i s  no c o r r e l a t i o n  b e tw e e n  SL and  cu r ren t  speed)  and  0. 155 2 (p = 0 . 0 7 3 ) .
In o th e r  w o r d s ,  a s  C .  b a i r d i  i n c r e a s e d  in len g th  th e  c u r ren t  s p e e d  a t  
w h ic h  it o cc u r re d  d e c r e a s e d  s ig n i f i c a n t l y .  The o p p o s i t e  w a s  t rue  of C .  
g i r a r d i , bu t  the  r e l a t i o n s h i p  w a s  not  q u i te  s ig n i f i c a n t  a t  th e  0 .0 5  l e v e l .
F r e q u e n c y  d i s t r i b u t i o n s  of th e  d i f f e ren t  s i z e  and  s e x  c l a s s e s  of 
e a c h  s p e c i e s  a t  v a r io u s  c u r re n t  s p e e d s  i n d ic a te d  a more c o m p le x  s i t u a ­
t io n  th a n  did th e  ab o v e  c o m p a r i s o n s  (Fig. 11) .  The o v e r a l l  t r e n d s  b e tw e e n  
s p e c i e s  were  m o s t ly  b a s e d  on  immature  f i s h  and  on f i s h  from S ta t io n s  2 
th ro u g h  6  due  to  large  s am p le  s i z e s  in t h e s e  g r o u p s .  E ig h ty -n in e  p e rce n t  
of th e  immature C .  b a i rd i  a t  S ta t io n s  2 th rough  6  were  found in a r e a s  with
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F ig .  1 1 . P e r c e n ta g e s  of  C o t tu s  b a i r d i  and  C o t tu s  g i ra rd i  found a t  
v a r io u s  cu r ren t  s p e e d s .  Open b a r s  i n d i c a t e  S ta t io n s  2  
th ro u g h  6  and  s h a d e d  b a r s  i n d i c a t e  S ta t io n s  1 and  7. 
A b b rev ia t io n s  for  s p e c i e s  and  s i z e  g roups  a s  b e fo re .  















s lo w  to  f a s t  c u r r e n t ,  w h i le  84% of th e  immature  C .  g i ra rd i  a t  t h e s e  s t a ­
t i o n s  w ere  found  in  a r e a s  w i th  no d e t e c t a b l e  c u r r e n t .  F em a le  C .  b a i rd i  
e x h i b i t e d  a d i s t r i b u t io n  a t  t h e s e  s t a t i o n s  t h a t  w as  s im i la r  to  t h a t  in 
i m m a tu re s ,  b u t  m a le s  were  more h e a v i l y  c o n c e n t r a t e d  in a r e a s  w i th  no 
c u r re n t  (dead a r e a s ) .  Among C .  g i ra rd i  a t  S ta t io n s  2 th rough  6 , m a le s  
w ere  s im i l a r  to  im m atures  in  cu r ren t  p r e f e r e n c e ,  w hi le  f e m a l e s  were  
more common a t  f a s t e r  cu r ren t  s p e e d s  (the s m a l l  s am p le  in th e  l a t t e r  
c a s e  m a k e s  th e  c o n c l u s io n  q u i te  q u e s t i o n a b l e ) .
Some e x p l a n a t i o n  i s  n e c e s s a r y  of why S ta t io n s  1 and  7 were  s e p a ­
r a t e d  from th e  o th e r s  in t h e s e  c o m p a r i s o n s .  Robins (1954,  1961) s t a t e s  
t h a t  C .  g i ra rd i  i s  g e n e r a l l y  more t o l e r a n t  of warmer  d o w n s t ream  c o n d i ­
t i o n s  th a n  i s  C .  b a i r d i , and  Andreas  son  (1969a) f in d s  t h a t  C .  p o e c i lo p u s  
o c c u r s  in a w ide  v a r i e ty  of h a b i t a t s  u p s t r ea m  of th e  range  of C .  gobio  
but  is  co n f in e d  to  a r e a s  of s lo w er  cu r ren t  w h e n e v e r  the  r a n g e s  of t h e  two 
s p e c i e s  o v e r l a p .  T h e se  f a c t s  led me to  b e l i e v e ,  a p r io r i ,  t h a t  the  
h a b i t a t  p r e f e r e n c e s  of C .  b a i r d i  and  C .  g i ra rd i  might  d i f fe r  in d i f fe ren t  
a r e a s  of th e  s t r e a m .  S ta t io n s  1 and  7 r e p r e s e n t  th e  d o w n s t ream  and u p ­
s t r e am  l i m i t s ,  r e s p e c t i v e l y ,  of my sam pl ing  in N aked  C r e e k .  I do not  
know ,  h o w e v e r ,  if  t h e y  do o r  do no t  r e p r e s e n t  th e  e x t r e m e s  of t h e  r a n g e s  
of e i t h e r  s p e c i e s  of s c u l p i n .  It  w as  o b v io u s  from my d a ta  (Fig. 11) t h a t  
the  c u r re n t  p r e f e r e n c e s  i n d i c a t e d  for  e a c h  s p e c i e s  a t  t h e s e  two s t a t i o n s  
w ere  q u i t e  d i f f e r e n t  from t h o s e  in d i c a t e d  a t  th e  o th e r  f iv e  s t a t i o n s .  U n ­
f o r t u n a t e l y ,  t h e  sm a l l  s am ple  s i z e s  a t  S ta t io n s  1 and  7 p re v e n ted  fu r th e r  
a n a l y s i s  of th e  d a t a .  A lso ,  s u c h  a n a l y s i s  would be m is le a d in g  s in c e  
a lm o s t  a l l  f i s h  from S ta t ion  1 cam e  from a r e a s  of s t rong  c u r r e n t ,  whi le
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m o st  of  t h o s e  from S ta t io n  7 cam e  from a r e a s  of w e a k  or  no c u r r e n t .  
Applying  t h i s  in form at ion  to  F ig .  1 1  i n d i c a t e s  t h a t  C .  b a i rd i  w a s  m o s t  
common a t  S ta t io n  7 and  t h a t  C .  g i r a rd i  w a s  m o s t  common a t  S ta t io n  1 .  
D e t a i l e d  c o m p a r i so n  of t h e  h a b i t a t  p r e f e r e n c e s  of C .  b a i rd i  and  C .  
g i r a rd i  in  i s o l a t i o n  from one  a n o th e r  m u s t  a w a i t  fu r the r  d a t a .  A cc o rd in g ly ,  
th e  r e m a in in g  d i s c u s s i o n  of c u r re n t  p r e f e r e n c e s  p r e s e n t e d  b e lo w  d o e s  not  
i n c lu d e  d a ta  from S ta t io n s  1 and  7.
O v e r l a p  v a l u e s  for  cu r ren t  p re fe r e n c e  among the  v a r io u s  g roups  of 
b o th  s p e c i e s  s e rv e d  to  c la r i fy  th e  r e l a t i o n s h i p s  m en t ioned  ab o v e  (Table 
13) .  In a d d i t i o n  to  th e  r u l e - o f - t h u m b  u s e d  in d ie t a ry  o v e r l a p  e v a l u a t i o n s ,  
i t w a s  p o s s i b l e  w i th  most  c u r re n t  c o m p a r i s o n s  to  u s e  c h i  s q u a re  t e s t s  
of th e  d i f f e r e n c e s  in cu r ren t  p re fe r e n c e  for  e a c h  pa i r  t e s t e d  (H0 : th e re  
i s  no a s s o c i a t i o n  b e tw e e n  f i s h  group  and cu r ren t  p r e f e r e n c e ) .  Three 
p a i r s  had  o v e r l a p  v a l u e s  g r e a t e r  th a n  0 .6 0  and c h i  sq u a re  p r o b a b i l i t i e s  
g r e a t e r  t h a n  0 . 0 5 .  Two of t h e s e  p a i r s  were  i n t r a s p e c i f i c  (female and  im ­
m ature  C .  b a i rd i  and  male  and  immature  C .  g i r a r d i ) , and one  w a s  i n t e r ­
s p e c i f i c  (male C .  b a i rd i  and  male  C .  g i r a r d i ) . At th e  o th e r  e x t r e m e ,  four  
p a i r s  had  o v e r l a p  v a l u e s  of l e s s  t h a n  0 . 4 0  c o u p le d  w i th  ch i  s q u a re  p ro ­
b a b i l i t i e s  of l e s s  t h a n  0 . 0 0 5 .  All four  of t h e s e  p a i r s  were  i n t e r s p e c i f i c ,  
and  a l l  four  were  c o m b in a t io n s  of e i t h e r  male  o r  immature C .  g i ra rd i  w i th  
e i t h e r  f e m a le  o r  immature C .  b a i r d i . Both male  C .  b a i rd i  and fem a le  C .  
g i ra rd i  o v e r l a p p e d  l e a s t  w i th  intra  s p e c i f i c  g roups  and  m ost  w i th  i n t e r ­
s p e c i f i c  g r o u p s .
Two of th e  th re e  g roups  of C .  b a i rd i  show ed  s e a s o n a l  d i f f e r e n c e s  in 
c u r re n t  p r e f e r e n c e .  Immature C .  b a i rd i  were  found  to  d i f fe r  s ig n i f i c a n t ly
TABLE 13
CURRENT PREFERENCE OVERLAP (D) AND CHI SQUARE PROBABILITIES OF 
THE ABSENCE OF DIFFERENCE IN CURRENT PREFERENCE (IN PAREN­
THESES) FOR COTTUS BAIRDI AND COTTUS GIRARDI FROM STATIONS 2 
THROUGH 6 . ABBREVIATIONS FOR SPECIES AND SIZE GROUPS AS 
BEFORE.
mb fb ib mg
mb - - - -
fb .51 
( <  .025)
ib .52  
( <  .005)
.72
( > . 0 5 )
mg . 67 
( > .05)
.34  
( < .0 0 5 )
. 25 









ig .57 .24 .24 . 8 8
( < .005) ( < .  005) ( < .  005) (> .1 0 )  ( - - )
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(p < 0 .0 0 5 )  in  c u r re n t  p r e fe re n c e  among the  s e a s o n s  of s p r in g ,  sum m er ,  
a n d  f a l l  (winter  w a s  no t  i n c lu d ed  in t h i s  t e s t  s i n c e  a l l  e ig h t  of t h e  young 
C .  b a i r d i  t a k e n  in t h i s  s e a s o n  were  from a c u r r e n t  s p e e d  of  0 . 3  m / s ) .
This  f a c t  d o e s  n o t ,  h o w e v e r ,  n e g a t e  th e  ab o v e  c o n c l u s i o n s  ab o u t  immature 
f i s h  s in c e  a l l  immature  C .  g i r a rd i  w ere  in d e a d  w a te r  in f a l l  and  w in te r  
(n = 2 2 ) ,  and  c h i  s q u a re  t e s t s  fo r  sp r ing  and  summer  b e t w e e n  th e  two 
immature  g ro u p s  s t i l l  r e v e a l e d  a s ig n i f i c a n t  d i f f e r e n c e  ( p < 0 .0 0 5  in b o th  
c a s e s ) .  The s e a s o n a l  d i f f e r e n c e  in immature  C .  b a i rd i  w a s  due  to  the  
f a c t  t h a t  o v e r  50% of t h e s e  f i s h  were  found in c u r ren t  s p e e d s  of 0 .2  to 
0 . 3  m / s  in spr ing  and  sum m er ,  w h i le  97% w ere  found  a t  s p e e d s  above  or 
b e lo w  t h i s  i n t e rv a l  in f a l l  (71% above  and  26% b e lo w ) .
O ne  might  e x p e c t  m a le  C .  b a i rd i  to  be found  in f a s t e r  cu r ren t  in sp r ing  
t h a n  in o th e r  s e a s o n s  s in c e  th e y  show ed  an  o v e r a l l  p r e fe ren ce  for  s low 
c u r re n t  or  d e a d  a r e a s  b u t  n e s t e d  in f lowing w a t e r .  The p e r c e n t a g e s  of 
t h e s e  f i s h  in d e a d  w a te r  were  85% in Winter ,  9% in s p r i n g ,  20% in summer ,  
and  65% in  f a l l .  A c h i  sq u a re  t e s t  r e v e a l e d  t h a t  t h e  d i f f e ren c e  b e tw e e n  
sp r ing  and  th e  o th e r  th re e  s e a s o n s  w a s  in d eed  s ig n i f i c a n t  (p < 0 . 0 0 5 ) .  
T h e re fo re ,  in sum m er ,  f a l l ,  and  w in te r  th e  cu r ren t  p re fe re n c e  of male  C .  
b a i r d i  p robab ly  o v e r l a p p e d  more w i th  t h o s e  of male  and  immature  C .  
g i ra rd i  t h a n  i s  i n d i c a t e d  in Table  13.
Sample  s i z e s  were  too  sm a l l  to  t e s t  for  s e a s o n a l  d i f f e r e n c e s  in male  
G .  g i ra rd i  or  in f e m a l e s  of e i t h e r  s p e c i e s .
As  I m en t io n ed  e a r l i e r ,  t im e  c o n s t r a i n t s  on  sam p l in g  so m e t im es  made 
i t  n e c e s s a r y  to  c l a s s i f y  cu r ren t  in to  one  of th re e  t y p e s  i n s t e a d  of a c t u a l l y  
m e a s u r in g  i t s  s p e e d .  These  th re e  c a t e g o r i e s  w ere  c u r r e n t ,  e d d y ,  and  d e a d .
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Since  cu r re n t  t y p e s  were  a l w a y s  r e c o rd e d  ( r e g a rd le s s  of w h e th e r  or not 
cu r re n t  s p e e d  w a s  m e a s u r e d ) ,  a l a rg e r  s am ple  s i z e  w a s  a v a i l a b l e  for  
e a c h  of th e  s ix  f i s h  g roups  w hen  c o n s id e r i n g  c u r re n t  ty p e  i n s t e a d  of 
c u r re n t  s p e e d .  N e v e r t h e l e s s ,  o n ly  one  of th e  t r e n d s  m e n t io n ed  above  i s  
c h a n g e d  b y  u s in g  c u r re n t  t y p e ,  and  ev e n  t h i s  c h a n g e  i s  s l i g h t .
O ut  of 45 male  C .  b a i rd i  for  w h ich  c u r ren t  s p e e d s  were  r e c o rd e d ,
44% w ere  found in  d e a d  a r e a s ,  w h i l e ,  ou t  of  84 of t h e s e  f i s h  with  r e ­
co rd ed  c u r ren t  t y p e s ,  o n ly  23% were  found in d e a d  or  eddy  a r e a s .  I m us t  
p o in t  o u t ,  h o w e v e r ,  t h a t  an unknown p e r c e n ta g e  of t h e s e  m a le s  cou ld  
hav e  b e e n  c a p tu r e d  in a r e a s  w i th  q u i te  s low cu r ren t  ( i . e .  , 0 . 1  to  0 . 2  
m / s ) .  A lso ,  41% of t h e  male  C .  b a i r d i  t h a t  were found in c u r ren t  were 
found  th e r e  dur ing  th e  sp r ing  m o n t h s .
C u r ren t  ty p e  d a ta  d id  no t  c o n f l i c t  w i th  cu r ren t  s p e e d  d a ta  in any  of 
th e  re m a in in g  f iv e  f i s h  g r o u p s ,  but  i t  d id  r e in fo rce  th e  c o n c l u s io n  th a t  
w as  drawn from cu r ren t  s p e e d  d a ta  for  fem a le  C .  g i r a r d i . The sam ple  
s i z e  fo r  t h e s e  f i s h  w a s  6  for  cu r re n t  s p e e d  and  12 for  c u r ren t  t y p e .  As 
n o te d  a b o v e ,  t h i s  g roup s e e m e d  to  o c c u r  in running  w a te r  more o f ten  
t h a n  d id  m ale  or  immature  C .  g i r a r d i . A cco rd in g ly ,  83% of th e  fem ale  
Q.' g i ra rd i  w i th  r e c o rd e d  cu r ren t  t y p e s  were  found in runn ing  w a te r  (44 
an d  25% for  male  and  immature C .  g i r a rd i , , r e s p e c t i v e l y ) .
MISCELLANEOUS HABITAT PREFERENCES
O th e r  h a b i t a t  d a ta  of i n t e r e s t  t h a t  were  r e c o rd e d  fo r  e a c h  a r e a  of 
c a p t u r e  in c lu d e  s u b s t r a t e  t y p e ,  d e p t h ,  and  d i s t a n c e  from s h o r e .  In 
g e n e r a l ,  I would  e x p e c t  t h e s e  d a ta  to  be  c o r r e l a t e d  w i th  cu r re n t  d a ta  
s i n c e  th e  s lo w e r  cu r ren t  or  d e a d  a r e a s  t h a t  I s am p led  were  u s u a l l y  d e e p e r ,  
c l o s e r  to  s h o r e ,  s i l t i e r ,  and  more l ik e ly  to  c o n ta in  a q u a t i c  v a s c u l a r  
p l a n t s  t h a n  w ere  t h o s e  a r e a s  w i th  f a s t e r  c u r r e n t .
A m arked  d i f f e r e n c e  w a s  d e t e c t e d  b e tw e e n  C .  b a i rd i  and C .  g i ra rd i  
in p re fe r red  s u b s t r a t e  ty p e  (Fig* 12) .  At S ta t ions  2 th ro u g h  6  a l l  th ree  
g ro u p s  of  C .  b a i rd i  w ere  more commonly  found  on c l e a n  ro c k  s u b s t r a t e s  
(bou lde r ,  c o b b l e ,  and pebb le )  t h a n  were  any  of th e  g roups  of  C .  g i r a rd i .  
C o n v e r s e l y ,  a t  t h e s e  sam e  s t a t i o n s ,  C .  g i ra rd i  w as  more common th a n  
C* b a i r d i  (all  th re e  c l a s s e s  c o n s id e re d )  on s i l t - c o v e r e d  s u b s t r a t e s .  
P e r c e n t a g e s  of f i s h  in v e g e t a t i o n  were  qu i te  s im i la r  for  a l l  g r o u p s ,  but  
t h e s e  d a ta  a re  m i s l e a d i n g  s in c e  m o s t  of th e  C .  g i ra rd i  and  none of the  
C .  b a i rd i  in t h i s  c a t e g o r y  w ere  found  in b e d s  of v a s c u l a r  p l a n t s .  The 
t r e n d s  w ere  no t  th e  sam e  a t  S ta t io n s  1 and  7, bu t  no s c u lp i n s  were 
t a k e n  from s i l t y  a r e a s  a t  e i t h e r  s t a t i o n ,  and  th e  sam p le  s i z e  w as  s m a l l .
I n t r a s p e c i f i c  v a r i a t io n  in s u b s t r a t e  p r e f e r e n c e s  a t  S ta t io n s  2 th rough  
6  w a s  a l s o  n o t i c e a b l e  for  bo th  s p e c i e s .  The p e r c e n ta g e  of f e m a le  C .  
b a i r d i  on  s i l t y  s u b s t r a t e s  w as  more t h a n  tw ic e  t h a t  r ec o rd e d  for  e i t h e r  
m a le s  or  im m a tu re s .  M a le  C .  g i ra rd i  n e v e r  o c c u r re d  on b d u ld e r  or
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F ig .  12 .  P e r c e n ta g e s  of  C o t tu s  b a i rd i  and  C o t tu s  g i ra rd i  found on 
v a r io u s  s u b s t r a t e  t y p e s .  Open b a r s  i n d ic a te  S ta t io n s  2 
th rough  6  and  s h a d e d  b a r s  in d i c a t e  S ta t io n s  1 and  7. Abbre­
v i a t i o n s  for  s p e c i e s  and  s i z e  g roups  a s  b e f o re .  Numbers  


















c o b b l e ,  w h e r e a s  s m a l l  p e r c e n t a g e s  of  bo th  f e m a l e s  an d  im m atures  were  
found  in s u c h  a r e a s .  A lso ,  a b o u t  15% more of th e  m a le  C .  g i ra rd i  
o c c u r re d  in  v e g e t a t i o n  th a n  did  f e m a le s  or  im m a tu re s .
O v e r l a p  in s u b s t r a t e  p re fe r e n c e  (Table 14) w a s  a lw a y s  s ig n i f i c a n t  
(>  0 .6 0 )  b e t w e e n  i n t r a s p e c i f i c  p a i r s  a n d ,  e x c e p t  fo r  t h o s e  p a i r s  invo lv ing  
f e m a le  C .  b a i r d i . w a s  a l w a y s  n o n - s i g n i f i c a n t  ( < 0 .6 0 )  b e tw e e n  i n t e r ­
s p e c i f i c  p a i r s .  T h u s ,  i t  s e e m s  t h a t  t h e s e  s ix  c a t e g o r i e s  of f i s h  were 
d iv id e d  in to  a so f t  s u b s t r a t e  g roup  w h ich  in c lu d ed  a l l  <3. g i ra rd i  p lus  a 
f irm s u b s t r a t e  group w h ich  in c lu d e d  male  and  immature  C .  b a i r d i . F em ale  
C .  b a i r d i  were  i n te rm e d ia te  b e t w e e n  t h e s e  two g r o u p s .
At S ta t io n s  2 th rough  6  a l l  g roups  of C .  g i ra rd i  d e m o n s t r a te d  a t e n ­
d e n c y  to  l ive  in d e e p e r  w a te r  th a n  did  th e  c o r r e s p o n d in g  group  of C .  
b a i r d i  (Fig. 13) .  The o n ly  d e p th  (out of t h o s e  c o n ta in in g  a t  l e a s t  5% of 
a n y  group) a t  w h ich  th e  p e r c e n ta g e  fo r  C .  b a i rd i  w as  h ig h e r  th an  t h a t  for  
Q • o i ra rd i  w a s  0 to  10 cm .  W i th in  e a c h  s p e c i e s  m ature  f i s h  were  
g e n e r a l l y  in d e e p e r  w a te r  t h a n  im m a tu re s ,  and  m a le s  w ere  g e n e r a l ly  in 
d e e p e r  w a te r  t h a n  f e m a l e s .
At S ta t io n s  1 and  7 th e  i n t e r s p e c i f i c  and  i n t r a s p e c i f i c  t r e n d s  in d ep th  
p r e f e r e n c e  w ere  s im i la r  to  t h o s e  a t  S ta t io n s  2 th rough  6  d e s p i t e  the  sm a l l  
s am p le  s i z e s .  The o n ly  marked e x c e p t io n  w a s  th e  d i f f e r e n c e  b e tw e e n  
s e x e s  in b o th  s p e c i e s .
F i n a l l y ,  an  o b v io u s  i n t e r s p e c i f i c  d i f f e r e n c e  w as  a l s o  found in th e  
d i s t a n c e  from th e  n e a r e s t  shore  for  a r e a s  of c a p tu re  of t h e s e  two s c u lp in s  
(Fig. 14) .  At S ta t io n s  2 th ro u g h  6  p e r c e n t a g e s  of a l l  g roups  of C .  g i ra rd i  
a t  2 m o r  l e s s  from shore  were  h ighe r  th a n  t h o s e  for any  group of C .
TABLE. 14
SUBSTRATE PREFERENCE OVERLAP (D) FOR COTTUS BAIRDI AND COTTUS 
GIRARDI FROM STATIONS 2 THROUGH 6 . ABBREVIATIONS FOR SPECIES 
AND SIZE GROUPS AS BEFORE.
mb fb ib mg fg
mb - - — - - - -
fb .77 - -
ib .93 .70 - -
mg .42 . 6 8 .35 - -
fg .54 .75 .51 .7 6
ig .47 .70 .40 .79 .89
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F ig .  13.  P e rc e n ta g e s  of C o t tu s  b a i rd i  and C o t tu s  g i ra rd i  found a t  
v a r io u s  d e p t h s .  O pen  b a r s  in d ica te  S ta t ions  2 th rough  6  
and  sh ad ed  b a r s  i n d i c a t e  S ta t ions  1 and  7. Abbrev ia t ions  
for  s p e c i e s  and  s i z e  g roups  a s  b e fo re .  Numbers  in p a r e n ­










F ig .  14 .  P e r c e n ta g e s  of C o t tu s  b a i r d i  and C o t tu s  g i ra rd i  found a t
v a r io u s  d i s t a n c e s  from the  n e a r e s t  s h o re .  Open b a r s  i n d ic a te  
S ta t io n s  2 th ro u g h  6  and  s h a d e d  b a r s  in d ic a te  S ta t ions  1 and  7. 
A b b rev ia t io n s  for  s p e c i e s  and s i z e  g roups  a s  b e f o re .  Numbers  













b a i r d i . This  d i f f e r e n c e  w as  e s p e c i a l l y  marked b e tw e e n  immature  f i s h .
At S t a t i o n s  1 a n d  7 o n ly  t h e  immature  s a m p le  s i z e s  were  r e a s o n a b l y  
l a r g e ,  a n d  t h e  t r e n d  fo r  t h e s e  f i s h  w a s  th e  sam e  a s  a t  S ta t io n s  2 th ro u g h  
6 .
I n t r a s p e c i f i c  d i f f e r e n c e s  in d i s t a n c e  from shore  w ere  o n ly  marked  in 
C .  b a i r d i  a t  S ta t io n s  2 th ro u g h  6 . M a le  C .  b a i r d i  were  much more l ik e ly  
to  b e  found  a t  2 m or l e s s  from shore  t h a n  w ere  im m a tu re s .  Fem a le  p e r ­
c e n t a g e s  w ere  i n t e rm e d ia te  b e t w e e n  t h o s e  of th e  o th e r  two g r o u p s .
DISCUSSION
S e v e r a l  e c o l o g i c a l l y  im por tan t  d i f f e r e n c e s  b e t w e e n  C o t tu s  b .  b a i rd i  
an d  C o t tu s  g i ra rd i  w ere  e v id e n t  in N aked  C r e e k .  F i r s t ,  C_. g i ra rd i  w as  
l a rg e r  th a n  C ,  b a i r d i  th ro u g h  a t  l e a s t  t h e  f i r s t  summer of l i fe  and  may 
r e a c h  a la rg e r  maximum s i z e .  A cco rd in g ly ,  f e m a le  C .  b a i rd i  m atured  a t  
a s m a l l e r  s i z e  t h a n  d id  f em a le  C .  g i r a rd i .  C .  b a i rd i  n e s t s  u n d e r  ro ck s  
in f low ing  w a te r  dur ing  M arch  and  Apr i l .  No d e f in i t e  C . g i ra rd i  n e s t s  
w e re  f o u n d ,  and  m ature  in d iv id u a l s  were  c o n s p i c u o u s l y  a b s e n t  from 
s a m p le s  t a k e n  dur ing  th e  p ro b ab le  b ree d in g  s e a s o n  (February and  March) ,  
H a b i t a t  s e g r e g a t io n  w as  q u i te  marked  in rega rd  to  c u r ren t  and  s u b s t r a t e .  
F i n a l l y ,  th e  o v e r a l l  d i e t s  of b o th  s p e c i e s  were  q u i te  s im i l a r ,  bu t  d i f f e r ­
e n c e s  d id  e x i s t  in th e  r e l a t i v e  im por tance  of some food i t e m s .  Some of 
t h e s e  d i f f e r e n c e s  may be  r e l a t e d  to  t h e  e c o lo g y  of t h e s e  two s p e c i e s  (or 
t h e i r  r e l a t i v e s )  w hen  th e y  a re  a l l o p a t r i c ,  an d  some may be r e l a t e d  to  
c o m p e t i t i o n  t h a t  o c cu r red  a f t e r  t h e y  b e c a m e  s y m p a t r i c .
The o b s e r v e d  s i z e  d i f f e r e n c e s  in  y o u n g - o f - t h e - y e a r  f i s h  cou ld  i n d i ­
c a t e  f a s t e r  g ro w th ,  l a rg e r  s i z e  a t  h a t c h i n g ,  or  e a r l i e r  sp aw n in g  for  C .  
g i r a r d i . I h a v e  no e v id e n c e  in rega rd  t o  the  f i r s t  two p o s s i b i l i t i e s ,  bu t  
I f e e l  t h a t  some d i s c u s s i o n  of sp aw n in g  h a b i t s  is  n e e d e d  in r eg a rd  to  th e  
th i rd  p o s s b i l i t y .  Eggs of C .  b a i rd i  have  b e e n  found from la te  w in te r  to  
e a r ly  summer. My rec o rd s  from M arc h  and  April  a r e ,  t h e r e f o r e ,  not  s u r ­
p r i s i n g .  Some of th e  r e co rd e d  d a t e s  in c lu d e  F eb ru a ry  to  May in Utah
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(Zarbock 1952) and  Wyoming (Simon and  Brown 1943) ,  April in Ohio (Down- 
how er  and  Brown 1977) and  M ich igan  ( H a n n l 9 2 7 ) ,  April to May in  W i s ­
c o n s in  (Ludwig and Norden 1969) ,  and  June to  July in M ontana  (Bailey 
1952) .  Savage  (1963) d i s c o v e re d  th e  egg c l u s t e r s  of Potomac d ra inage  
s c u lp i n s  on M arch  11 ,  b u t ,  a s  I m ent ioned  a b o v e ,  th e  s p e c i f i c  id en t i ty  
of h is  s p e c im e n s  i s  in q u e s t i o n .  M ost  d e s c r ip t i o n s  of spaw ning  s i t e s  are  
s im i la r  to  mine in t h a t  e g g s  are  found on th e  u n d e r s id e  of ro ck s  in c u r re n t .  
Ba i ley  (1952) d id ,  h o w e v e r ,  f ind  some n e s t s  in d ea d  a r e a s ,  and Ludwig 
and  Norden (19 69) found some n e s t s  under  ro ck s  in s i l ty  a r e a s ,  two 
a t t a c h e d  to  Elodea s p .  , and two in t u n n e l s  in pack ed  loam .  The on ly  
s paw ning  da ta  for  C .  g i ra rd i  i s  one male  w hich  Robins  (1954) s a y s  was  
"in sp aw n in g  c o n d i t io n "  when t a k e n  on April 10 in Virginia .
Perhaps  my in a b i l i ty  to  f ind C .  g i ra rd i  n e s t s  i n d i c a t e s  t h a t  th i s  f i s h  
s p a w n s  in a m anner  s im i la r  to  t h a t  of i t s  w id e s p re a d  r e l a t i v e ,  C .  c a r o l i n a e . 
The l i t e ra tu re  c o n ta in s  many r e c o rd s  of C .  b a i rd i  n e s t s ,  bu t  I have  found 
no r e c o rd s  of C .  c a r o l in a e  n e s t s .  C rad d o ck  (1965), in the  one  major  l ife 
h i s to ry  s tu d y  of C .  c a r o l i n a e , r e p o r t s  t h a t  no n e s t s  cou ld  be found .  He 
d o e s ,  h o w ev e r ,  infer  t h a t  b reed in g  o ccu r red  from January  to  March (with 
a p e a k  in February)  b a s e d  on th e  o c c u r ren c e  of r ipe  m a le s  and  f e m a le s  
dur ing  t h i s  p e r io d .  P o s t - l a r v a e  and ju v e n i l e s  a p p e a re d  in March and April 
in a c a v e  e n t r a n c e  where  th e re  w as  l i t t l e  cu r ren t  and  an  a b u n d a n ce  of 
ro o ts  and  d e b r i s .  Egg s h e l l s  were  a l s o  found a t t a c h e d  to  s to n e s  or  roo ts  
in t h i s  a r e a .  As in th e  p r e s e n t  s tu d y ,  m ales  d i s a p p e a r e d  during the  
sp aw n in g  s e a s o n .  Based  on t h i s  in fo rm at ion ,  C rad d o ck  p o s tu l a t e s  th a t  
Q* c a ro l in a e  sp aw n s  under  undercu t  b an k s  or w a te r f a l l s  or  l a t e r a l  to  the
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m ain  c h a n n e l  in s p r in g s  o r  p e rh a p s  c r a y f i s h  b u r ro w s .  F u r th e rm o re ,  he 
c o m p a r e s  h i s  d a ta  w i th  in form at ion  on C .  b a i rd i  an d  c o n c l u d e s  t h a t  C .  
c a r o l i n a e  i s  l a rg e r  a t  m a tu r i ty  (91 to  105 mm t o t a l  l e n g th  o r  a p p ro x im a te ly  
75 to  90 mm SL for  f e m a le s )  and  l a y s  a la rg e r  number  of e g g s .  O th e r  d a ta  
on C .  c a r o l i n a e  in c lu d e s  Robins'  (1954) s t a t e m e n t s  t h a t  th e  e x a m in a t io n  of 
o v a r i e s  of C .  c_. c a r o l in a e  i n d i c a t e d  f a l l  sp a w n in g  and  t h a t  C .  c .  c a r o ­
l i n a e  t a k e n  "with  b r e e d in g  g ro u p s  of  v a r io u s  forms of  th e  b a i rd i  co m p lex "  
w ere  not  in b re e d in g  c o n d i t i o n .  The sam e a u th o r  d o e s ,  h o w e v e r ,  m ent ion  
t h a t  C .  c_. zo p h e ru s  (the form m ost  c l o s e l y  a l l i e d  to  C .  g ira rdi)  s e e m s  to 
b r e e d  in M arch  or  Apri l .  Small  (1975) p o s t u l a t e s  w in te r  s p a w n in g  for  C .  
c a r o l i n a e  in Kentucky b e c a u s e  young l e s s  th a n  20 mm in  l e n g th  w ere  
found  in April  and  M a y .  W i l l i a m s  and  Robins (1970) a l s o  f a i l e d  to  f ind 
th e  n e s t s  of C .  c_. i n f e r n a t u s . T h e se  a u th o r s  p o s tu l a t e  t h a t  members  of 
t h e  C .  c a r o l i n a e  g roup  l ay  e g g s  s in g ly  or  b r o a d c a s t  them i n s t e a d  of 
b u i ld in g  n e s t s .  They a l s o  m en t ion  t h a t  t h e s e  s c u lp i n s  c o n ta in  la rge r  
num bers  of e g g s  th a n  do m embers  of th e  C .  b a i rd i  g roup .
B ased  on my d a ta  p lu s  th e  work of th e  above  m en t io n ed  r e s e a r c h e r s ,
I would  p o s tu l a t e  t h a t  C .  b a i rd i  and  C .  g i ra rd i  do no t  co m p e te  d i r e c t ly  
fo r  b ree d in g  s i t e s .  Young of b o th  s p e c i e s  were  f i r s t  found in M ay ,  but  
t h o s e  of C .  g i ra rd i  w ere  m arked ly  la rge r  th a n  t h o s e  of C .  b a i r d i . This  
s i z e  d i f f e r e n c e  may i n d i c a t e  t h a t  C .  g i ra rd i  sp aw n s  e a r l i e r  t h a n  C .  b a i r d i . 
Among my s a m p l e s ,  f e m a le  C .  g i ra rd i  c o n s i s t e n t l y  c o n ta in e d  la rge r  ova 
in  S ep tem b er  and  N o v em b er ,  bu t  t h i s  cou ld  be  an  in d i c a t io n  of la rger  egg  
s i z e  a t  t h e  t im e  of s p a w n in g .  A lso ,  the  sam ple  s i z e s  of m ature  fem a le  
Q* g i ra rd i  in  t h e s e  two months  were  q u i te  s m a l l .  Perhaps  more
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im p o r t a n t ly ,  t h e  s p a w n in g  h a b i t a t  of t h e s e  two s p e c i e s  i s  p ro b ab ly  d i f f e r ­
e n t .  My f a i lu r e  to  f ind  n e s t s  p lu s  t h e  s c a r c i t y  of m ature  C .  g i ra rd i  in 
l a te  F e b ru a ry  an d  M arch  may i n d i c a t e  s e c r e t i v e  sp aw n in g  h a b i t s  for  t h i s  
s p e c i e s  m uch  l ike  t h o s e  p o s t u l a t e d  fo r  C .  c a r o l i n a e .
In a r e v i e w  of r e s o u r c e  p a r t i t i o n in g  in e c o l o g i c a l  c o m m u n i t i e s , 
S c h o en e r  (1974) s t a t e s  t h a t  h a b i t a t  d im e n s io n s  a r e  o f te n  more importan t  
th a n  a n y  o th e r s  in s e p a r a t i n g  s p e c i e s .  C o m p e t i t io n  for  l iv ing  s p a c e  b e ­
t w e e n  t h e s e  two  s c u lp i n s  i s  m in im ized  by  s e v e r a l  f a c t o r s  a t  m o s t  of th e  
s t a t i o n s  s a m p le d .  Two groups  of f i s h  c a n  be  d e f in e d  on th e  b a s i s  of 
c u r re n t  p r e f e r e n c e .  F em a le  and  immature  C .  b a i rd i  g e n e r a l l y  o c cu r red  
f low ing  w a t e r ,  w h i le  male  and  immature  C .  g i r a rd i g e n e r a l l y  o c cu r re d  in 
d e a d  o r  ed d y  a r e a s .  The d i f f e r e n c e s  b e tw e e n  t h e s e  two g roups  were  
s i g n i f i c a n t .  Fem a le  C .  g i ra rd i  a p p r o a c h e d  th e  f i r s t  g roup ,  but  s a m p le  s i z e  
w a s  p ro b le m a t i c a l  in t h e s e  f i s h .  It s e e m s  l ik e ly  t h a t  t h e i r  pr imary h a b i t a t  
w as  one  t h a t  I co u ld  not  s a m p le  e f f e c t i v e l y  w i th  s e in e  or d ip n e t  ( e . g . , 
d e e p e r  p o o l s  and  r u n s ) .  Male  C .  b a i r d i  a p p ro a c h e d  the  s e c o n d  g ro u p ,  
bu t  the  p a t t e r n  w a s  c o m p l i c a t e d  by a m ovem ent  to  f low ing  w a te r  in spr ing  
(p resum ably  to  s p a w n ) .  N e v e r t h e l e s s ,  no d i f f e r e n c e  w a s  d e t e c t e d  in c u r ­
r e n t  p re fe r e n c e  b e t w e e n  m ale  C .  b a i r d i  and  m ale  C .  g i r a r d i . W i th in  th e  
f i r s t  g ro u p ,  f e m a le  C .  b a i r d i  were  r e l a t i v e l y  more common th a n  im m atures  
in a r e a s  w i th  s i l t  or  a l g a e  c o v e re d  s u b s t r a t e s .  The s i l t y  a r e a s  were  no t  
d e a d  a r e a s  l ike  t h o s e  o f ten  in h a b i t e d  by male  and immature  C .  g i ra rd i  
b u t  w ere  a r e a s  l a t e r a l  to  th e  main  cu r re n t  w here  s lo w ly  moving w a te r  
a l lo w e d  some s i l t  to  a c c u m u l a t e .  In a s s o c i a t i o n  with  t h i s  t r e n d ,  f e m a le s  
g e n e r a l l y  o cc u r re d  c l o s e r  to  s h o re .  F em a le  C .  g i ra rd i  a l s o  show ed  a
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p re fe r e n c e  fo r  s i l t y  a r e a s  an d  g e n e r a l l y  o c cu r re d  in d e e p e r  w a te r  th a n  did 
e i t h e r  f e m a le  o r  immature  C .  b a i r d i . W i th in  t h e  s e c o n d  g ro u p ,  male  C .  
g i ra rd i  w ere  r e l a t i v e l y  more num erous  in  b e d s  of v e g e t a t i o n  an d  in d e e p e r  
w a t e r  t h a n  w ere  im m a tu re s .  M a le  C .  b a i rd i  p re fe r red  l e s s  s i l t  and 
s h a l lo w e r  w a te r  t h a n  did e i t h e r  of t h e s e  tw o  C .  g i ra rd i  g r o u p s .
There  i s  an  a b u n d a n c e  of l i t e r a tu re  s u g g e s t i n g  t h a t  C o t tu s  s p e c i e s  
a re  u s u a l l y  w i d e s p r e a d  w hen  a lo n e  b u t  beco m e  h a b i t a t  s p e c i a l i s t s  when 
in sy m p a t ry  w i th  a c o n g e n e r .  A n d re a s s o n  (1969a) com m en ts  on the  
h a b i t a t  p r e f e r e n c e s  of C .  p o e c i l o p u s  and C .  gob io  in Europe .  C .  p o e c i -  
lo p u s  g e n e r a l l y  o c c u r s  h ig h e r  in s t r e a m s  th a n  d o e s  C .  g o b i o , a n d ,  above  
th e  u p p e r  l imit  of C .  g o b i o 1 s r a n g e ,  C .  p o e c i lo p u s  o c c u r s  in a wide 
v a r i e ty  of  h a b i t a t s .  In a r e a s  w here  t h e i r  r a n g e s  o v e r l a p ,  h o w e v e r ,  C .  
p o e c i l o p u s  i s  co n f in e d  to  s low  c u r re n t  or r e s e r v o i r s ,  w h i le  C .  gobio  o c c u r s  
in la rge  t r i b u t a r i e s  in a s t rong c u r r e n t .  In a l a t e r  s tu d y  A n d re a sso n  (1972a) 
i n d i c a t e s  t h a t  th e  e f f e c t s  of t h e s e  two s p e c i e s  upon one  a n o th e r  ch a n g e  
in d i f f e ren t  p a r t s  of  t h e i r  r a n g e s .  C .  gobio  d i s p l a c e s  C .  p o e c i lo p u s  to 
u p s t r e a m  a r e a s  in so u th e rn  and middle  Sweden bu t  not  in nor the rn  Sw eden .  
He a t t r i b u t e s  t h i s  d i f f e ren ce  to  th e  f a c t  th a t  C .  p o e c i lo p u s  o c c u r s  in c u r ­
r en t  more o f te n  in th e  nor the rn  par t  of i t s  r a n g e .  A s im i la r  p a t te rn  is  s e e n  
in  C .  a l e u t i c u s  and  C .  a s p e r  in Bri t ish  Columbia  (Mason and  M ach id o r i  
197 6).  In a r e a s  of c o - o c c u r r e n c e  la rge  C .  a s p e r  a re  found in d e e p  poo ls  
an d  u n d e r  log jam s  and  u n d e rcu t  b a n k s .  I n te rm e d ia te  s i z e d  C .  a s p e r  
and  la rge  C .  a l e u t i c u s  a re  found in t h e s e  sam e  a r e a s  bu t  a t  s h a l lo w e r  
d e p t h s .  Small and  i n te rm e d ia te  s i z e d  C .  a l e u t i c u s  o c c u r  in r i f f l e s .  
F i n a l l y ,  s u b y e a r l i n g s  of b o th  s p e c i e s  l ive  in i n t e r t i d a l  r i f f l e s ,  bu t  C .
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a s p e r  i s  in d e e p e r  a r e a s  t h a n  i s  C .  a l e u t i c u s . In u p s t r e am  a r e a s  p o p u ­
l a t e d  o n ly  by  C .  a l e u t i c u s , h o w e v e r ,  t h i s  s p e c i e s  o c c u r s  in a wide 
v a r i e ty  of h a b i t a t s  in c lu d in g  th o s e  d om ina ted  b y  C .  a s p e r  d o w n s t rea m .  
Moyle  (1976) n o t e s  s im i la r  i n t e r a c t io n s  b e tw e e n  C .  p e rp le x u s  and  C .  
g u l o s u s  and  o th e r  s p e c i e s  of C o t t u s .
S tu d ie s  d e a l in g  w i th  s t r e a m - d w e l l i n g  C .  b a i rd i  a lo n e  in d i c a t e  th a t  
t h i s  s p e c i e s  o c c u p i e s  a wide  v a r i e ty  of h a b i t a t s  b u t  p robab ly  p re fe rs  
c l e a n  ro c k  s u b s t r a t e s  in f low ing  w a te r .  Anderson (1975) r epo r ts  t h a t  
I l l i n o i s  C .  b a i rd i  p refer red  r i f f le s  with  rocky  s u b s t r a t e s  an d  c lum ps  of 
a l g a e  in th e  main c h a n n e l  of th e  s t r e a m .  In Montana o ld e r  s c u lp in s  were 
m os t  a b u n d a n t  in r i f f l e s  with  rocky  s u b s t r a t e s  and (at one s ta t ion)  in b e d s  
of a q u a t i c  v a s c u l a r  p l a n t s .  They were u s u a l ly  a b s e n t  from poo ls  with  
s a n d  or  c l a y  s u b s t r a t e s ,  bu t  a few occu r red  in q u i e t ,  sh a l lo w  w a te r  near  
shore  (Bailey 1952) .  In th e i r  W i s c o n s i n  s tudy  Ludwig and  Norden (1969) 
found C .  b a i rd i  m ost  o f ten  in a r e a s  with rubble  s u b s t r a t e s  and modera te  
c u r r e n t ,  bu t  s c u lp in s  were a l s o  p le n t i fu l  in Elodea b e d s .  They cou ld  f ind 
few  of t h e s e  f i s h ,  h o w e v e r ,  over  s i l t  or s and  in a r e a s  w i thout  roo ted  v e ­
g e t a t i o n .  F i n a l l y ,  Zarbock (1952) found Utah C .  b a i rd i  to  be  most  a b u n ­
d a n t  o v e r  c o a r s e  g r a v e l  and  sm a l l  r o c k s .  The h a b i t a t  of s c u lp in  fry is 
d e s c r i b e d  by  Bai ley  (195 2) and  Hann (1927). The former au tho r  found 
young  f i s h  ( < 20 mm t o t a l  length)  to  be most  ab u n d a n t  in s h a l l o w ,  s low 
w a te r  w here  t h e y  cou ld  hide  by s t i r r ing  up s i l t  and a l lo w in g  it  to  s e t t l e  
o v e r  t h e m .  In c o n t r a s t ,  the  l a t t e r  au th o r  found C .  b a i rd i  fry  o v e r  smooth 
p eb b le  bo t to m .  H a b i ta t  p a r t i t io n in g  by s e x  h as  only  b e e n  no ted  by 
Bai ley  (1952). He no ted  no s e g re g a t io n  of the  s e x e s  dur ing m ost  of the
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y e a r .  During  th e  b re e d in g  s e a s o n ,  h o w e v e r ,  m a le s  w ere  n e s t i n g  in 
d e e p e r  w a t e r ,  an d  f e m a l e s  were  c o n f in e d  to  s h a l lo w e r  a r e a s .
The h a b i t a t  p r e f e r e n c e s  of C .  g i r a rd i  in  t h e  a b s e n c e  of o th e r  s c u lp i n s  
a re  u n k n o w n ,  bu t  some d a ta  i s  a v a i l a b l e  fo r  C .  c a r o l i n a e . C r a d d o c k  
(1965) n o t e s  t h a t  y o u n g - o f - t h e - y e a r  C .  c_. c a r o l in a e  o c c u r re d  in  eddy  
an d  s lo w  c u r re n t  a r e a s  w i th  s u b s t r a t e s  of d e b r i s  and  d e t r i t u s .  T hese  
young  f i s h  w ere  a l s o  common in  b e d s  of a q u a t i c  p l a n t s .  Adults  were  
u s u a l l y  found  a t  t h e  edge  of  c u r re n t  and were  o f te n  a s s o c i a t e d  w i th  large  
b o u l d e r s .  Some a l s o  o ccu r red  ev e ry w h e re  from r i f f l e s  to  po o ls  p lu s  b e d s  
of a q u a t i c  p l a n t s .  The upper  e n d s  of poo ls  in m o d era te ly  f low ing  w a te r  
c o n s i s t e n t l y  c o n t a in e d  th e  l a r g e s t  s p e c i m e n s .  The very  g e n e r a l  in fo rm a­
t io n  p rov ided  by  Robins (1954) and  W i l l i a m s  and  Robins  (1970) d o e s  not  
c o n f l i c t  w i th  t h a t  p rov ided  by C ra d d o c k  (1965). F u r th e r  s tu d i e s  a re  o b ­
v i o u s l y  n e e d e d  to d e te rm in e  w h e th e r  or not  C .  g i ra rd i  and C .  c a r o l in a e  
h a v e  s im i l a r  h a b i t a t  p r e f e r e n c e s .  There i s  a p p a r e n t l y ,  h o w e v e r ,  l i t t l e  
d i f f e r e n c e  in th e  h a b i t a t  p r e f e r e n c e s  of C .  b a i rd i  and  C .  c a r o l i n a e  w hen  
e a c h  o c c u r s  a lo n e  e x c e p t  for  th e  p o s s i b i l i t y  t h a t  C .  c a r o l i n a e  is  more 
t o l e r a n t  of pool  c o n d i t i o n s .
Some l i t e r a tu r e  a l s o  e x i s t s  c o n c e rn in g  how C .  b a i r d i  r e a c t s  to  the  
p r e s e n c e  of o th e r  s c u l p i n s .  Robins (19 61) d i s c u s s e s  th e  e c o l o g i c a l  i n ­
c o m p a t ib i l i ty  b e tw e e n  C .  b a i r d i  and  o th e r  m embers  of th e  redf in  s p e c i e s  
g ro u p .  W h en  C .  b a i r d i  and  C .  c o g n a t u s  o c c u r  in th e  sam e s t r e a m s ,  C .  
c o g n a t u s  i s  c o n f in e d  to  g r a s s y  a r e a s  u p s t r e a m ,  w hi le  C .  b a i rd i  t a k e s  th e  
r o c k y ,  w arm er  d o w n s t re am  a r e a s  ( som et im es  in c lu d in g  r i v e r s ) . W h e n  C .  
b a i r d i  and  C .  b a i l e y i  a re  in t h e  sam e s t r e a m ,  C .  b a i rd i  is  found in the
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m a in s t r e a m  th ro u g h o u t  th e  a r e a ,  w hi le  C .  b a i l e v i  i s  in s c a t t e r e d  p o c k e t s .  
T h u s ,  in  t h e s e  c a s e s  of sy m p a t ry  w i th  o th e r  re d f in s  C .  b a i rd i  o c c u p i e s  
t h e  r o c k ie r  h a b i t a t s  a n d  th e  m a in s t r e a m  much a s  i t  d o e s  in N ak ed  C r e e k .
Info rm at ion  on th e  i n t e r a c t io n  b e tw e e n  C .  b a i rd i  and  m em bers  of th e  
C .  c a r o l i n a e  s p e c i e s  group i s  q u i te  s c a r c e  and g e n e r a l .  Robins  (1954) 
n o t e s  t h a t  m embers  of t h e  C .  c a r o l i n a e  group  t o l e r a t e  warmer  t e m p e r a tu re s  
t h a n  do m em bers  of t h e  C .  b a i rd i  g roup w hen  th e y  a re  s y m p a t r i c .  A lso ,
C .  c a r o l i n a e  group f i s h  a re  more w i d e - r a n g in g  in s u c h  a r e a s .  The sam e  
a u th o r  w a s  u n a b le  to  f ind  an y  e c o l o g i c a l  s e p a ra t i o n  b e tw e e n  C .  c_. 
k a n a w h a e  and  sy m p a t r ic  C .  b a i rd i  or b e tw e e n  C .  g i ra rd i  and  sy m p a t r ic  
C .  b a i r d i . As I m en t io n ed  p r e v i o u s l y ,  h o w e v e r ,  he found C .  b a i rd i  to 
be  r e s t r i c t e d  to c o ld  h e a d w a te r  s t r e a m s ,  w hi le  C .  g i ra rd i  i s  more a d a p t ­
a b l e  and  o c c u r s  from h e a d w a t e r s  d o w n s t ream  to warmer  b r o o k s .  Arm­
s t rong  and  W i l l i a m s  (1971) found C .  c a ro l in a e  to  be  more w id e s p r e a d  in 
t h e  a rea  of th e  s o u th  bend  of th e  T e n n e s s e e  River  th an  w a s  C .  b a i r d i . 
F u r th e rm o re ,  C .  b a i rd i  w a s  g e n e r a l l y  con f in ed  to  c o ld e r  w a te r  a r e a s ,  
e s p e c i a l l y  s p r i n g s .  In th e  main c h a n n e l  of th e  New River C .  c a r o l in a e  
i s  q u i te  com m on,  w h e re a s  C .  b a i rd i  i s  ex t r e m e ly  ra re  (Hocutt  e t  a l .  1973).  
T h u s ,  th e  o v e r a l l  d i s t r i b u t io n  of C .  g i ra rd i  and  C .  b a i rd i  in th e  Potomac 
d r a in a g e  / a s  d e s c r i b e d  b y  Robins  (1954)7  pro b ab ly  p a r a l l e l s  t h a t  of C .  
b a i r d i  and  o th e r  members  of th e  C .  c a r o l i n a e  s p e c i e s  group in o th e r  
d r a i n a g e s .  Lit t le  i s  know n,  h o w e v e r ,  a b o u t  th e  r e s p e c t i v e  h a b i t a t s  of 
t h e s e  tw o  g ro u p s  in t h e i r  a r e a s  of o v e r l a p .
S im i la r ly ,  food h a b i t s  s t u d i e s  of t h e s e  two groups  have  on ly  b e e n  
done  in a r e a s  of a l l o p a t r y .  The p re p o n d e ra n c e  of b e n th i c  i n s e c t  la rvae
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in t h e  d i e t  of  C .  b a i r d i  in N aked  C r e e k  i s  no t  s u rp r i s in g  b a s e d  on th e  
d a t a  from o th e r  s t u d i e s  of  s t ream  d w e l l in g  p o p u la t i o n s  of t h i s  s p e c i e s .
In New York,  Koster (1937) found C .  b a i r d i  to  c o n t a i n  m o s t ly  D i p t e r a , 
E p h e m e ro p te r a , an d  Trie ho pt  era , w h i le  D a ib e r  (195 6) found them  to  c o n ­
t a i n  m o s t ly  D i p t e r a ,  T r i c h o p te r a ,  and  P l e c o p t e r a . D i p t e r a n s ,  e p h e m e r o p -  
t e r a n s ,  t r i c h o p t e r a n s , and  am ph ipods  were  found to  be th e  m os t  impor­
t a n t  f o o d s  in a M in n e s o ta  s tudy  (Dineen 1951) .  In M o n ta n a ,  Bailey 
(1952) a g a i n  found  th e  m os t  im por tan t  i tem s  to  be  D ip t e r a ,  T r i c h o p te ra ,  
and  E p h e m e ro p te r a .  F i n a l l y ,  Zarbock  (1952) found t h a t  T r i c h o p te ra ,  
E p h e m e ro p te r a ,  and  P leco p te ra  were  th e  dom inan t  i tem s  in U tah .
Som ewhat  d i f f e ren t  food h a b i t s  for  C .  b a i rd i  a re  p r e s e n t e d  by Ander­
son  (1975) and  W a lk e r  (1975). W ork ing  in I l l i n o i s ,  the  former  au th o r  
found  I so p o d a  to  be  th e  m os t  importan t  food group fo l lo w e d  by  Dip tera  
and  T r i c h o p te r a .  This s tu d y  w a s ,  h o w e v e r ,  b a s e d  on f i s h  c o l l e c t e d  on 
one  d a y  an d  a t  one  s t a t i o n ,  and  th e  r e s u l t s  m ig h t ,  t h e r e f o r e ,  r e p r e s e n t  
a s e a s o n a l  or  l o c a l  p h e n o m e n o n .  W a lk e r  (1975) com pared  food i tem s  in 
P e n n s y lv a n ia  s c u l p i n s  b y  u s in g  an  " Index of Re la t ive  Im p o r tan ce"  b a s e d  
on  p e r c e n t  n u m b e r s ,  p e r c e n t  c a l o r i e s ,  and  p e r c e n t  f r e q u e n c y  of o c c u r ­
r e n c e .  By t h i s  method c r a y f i s h ,  o th e r  C .  b a i r d i , s i m u l i d s ,  and  c h i r o n o -  
mids  w ere  found  to  be  th e  most  importan t  f o o d s .  Unlike  th e  f i r s t  a u th o r ,  
W a l k e r  (1975) had la rge  sam p le  s i z e s ,  and he s am p led  over  an  e x t e n s iv e  
per iod  of t i m e .
S ince  t h e r e  are  no p r e v io u s  s t u d i e s  of the  food h a b i t s  of C .  g i r a r d i .
I c a n ,  o n c e  a g a i n ,  o n ly  com pare  my d a ta  w i th  t h a t  from s t u d i e s  on C .  
c a r o l i n a e .  Small  (1975) found C .  c a r o l i n a e  in Kentucky to  be e a t i n g
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m o s t ly  i s o p o d s ,  a m p h i p o d s ,  c h i r o n o m id s ,  b a e t i d s ,  and  c o l e o p t e r a n s .
Also work ing  in Ken tucky ,  C ra d d o c k  (1965) found  t h a t  c r u s t a c e a n s ,  f i s h ,  
and  i n s e c t s  w ere  a l l  im por tan t  food i tem s  fo r  t h i s  s c u l p i n .  F u r the rm ore ,  
he c o m p a r e s  h i s  d a ta  w i th  t h a t  from s t u d i e s  (mainly  t h o s e  t h a t  I m en t ioned  
above )  of C .  b a i rd i  and  c o n c l u d e s  t h a t  th e  t y p i c a l  C .  c a r o l i n a e  d ie t  would  
in c lu d e  more c r u s t a c e a n s  (d e c a p o d s ,  a m p h ip o d s ,  an d  i s o p o d s ) ,  more 
f i s h e s ,  and  f e w e r  i n s e c t s  th a n  would th e  t y p i c a l  C .  b a i r d i  d i e t .
C om par ing  my d a ta  to  t h a t  of C ra d d o c k  (1965),  n e i th e r  C .  b a i rd i  nor  
C .  g i r a rd i  a p p r o a c h e s  C .  c a r o l i n a e  in th e  u s e  of e i t h e r  c r u s t a c e a n s  or  
f i s h :  i s o p o d s  w ere  not  e a t e n  by e i t h e r  s p e c i e s ,  a m p h ip o d s  were  e a t e n  
o n ly  by  C .  g i r a rd i  and  were  ex t r em e ly  r a r e ,  d e c a p o d s  w ere  e a t e n  on ly  by 
C .  b a i rd i  and  were  a l s o  r a r e ,  an d  f i s h  were  e a t e n  by bo th  s p e c i e s  and  
w ere  r a r e .  It i s  i n t e r e s t i n g  to n o t e ,  h o w ev e r ,  t h a t  one  of th e  food d i f f e r ­
e n c e s  b e t w e e n  t h e s e  two s c u lp i n s  in N aked  C r e e k  w ould  hav e  b e e n  p r e ­
d i c t e d  b a s e d  on C r a d d o c k ' s  w ork .  This  is  th e  f a c t  t h a t  s m a l l  c r u s t a c e a n s ,  
c o p e p o d s  in t h i s  c a s e ,  were  more im por tan t  to  C .  g i ra rd i  t h a n  to  C .  
b a i r d i . It i s  e s p e c i a l l y  u n fo r tu n a te  in t h i s  i n s t a n c e  t h a t  I w a s  ab le  to 
c o l l e c t  so  f ew  la rge  C .  g i ra rd i  ( >45 mm SL). C r a d d o c k ' s  C .  c a r o l in a e  
f ed  l a rg e ly  on  D i p t e r a ,  E p h e m e ro p te r a ,  I s o p o d a ,  and  Amphipoda when 
a p p ro x im a te ly  45 mm or l e s s  in SL. Above t h i s  s i z e ,  h o w e v e r ,  i n s e c t s  
b e g a n  to  d e c r e a s e  in i m p o r t a n c e ,  wh i le  d e c a p o d s  and  f i s h  b e g a n  to  i n ­
c r e a s e .  This  t r e n d  i s  e s p e c i a l l y  marked  in f i s h  of ab o u t  65 mm SL and 
g r e a t e r ,  a n d  I c a p tu re d  v e ry  few  s p e c im e n s  in t h i s  s i z e  r a n g e .
The d i e t s  of  C .  b a i rd i  and  C .  g i r a rd i  may not  be  a s  s im i la r  a s  my 
d a ta  s u g g e s t  due  to  the  l e v e l  of tax o n o m ic  r e s o lu t io n  t h a t  w as  p o s s i b l e
97
for d i f fe ren t  food g r o u p s .  For  e x a m p le ,  the  fam ily  Chironom idae  w as  a 
m ajo r  food group for  bo th  s p e c i e s  of s c u lp i n ,  bu t  I do not  know what  
g e n e ra  or  s p e c i e s  of ch i ronom ids  th e  two f i s h  were  e a t i n g .  I w as  only  
a b l e  to id e n t i fy  one g en u s  of c h i ro n o m id s .  M ost  of th e  hundreds  of t h e s e  
l a rv a e  t h a t  I found in s c u lp in  s to m a ch s  were  keyed  to  fam ily  o n ly .  
S t ra sk rab a  e t  a l .  (1966) found th a t  C .  p o ec i lo p u s  and  Phoxinus  phoxinus  
were  bo th  f e e d in g  h e a v i ly  on c h i ro n o m id s ,  but a c l o s e r  look a t  th e i r  da ta  
r e v e a l s  t h a t  th e re  w as  a c t u a l l y  no d ie ta ry  o v e r lap  in t h i s  a rea  b e c a u s e  
th e  g enera  b e ing  co n su m e d  by  th e  two s p e c i e s  were c o m p le te ly  d i f fe ren t .  
Fu r th e rm o re ,  i t is p robab ly  sa fe  to a s s u m e  th a t  th e re  a re  many s p e c i e s  of 
ch i ronom ids  a v a i l a b l e  a s  s c u lp in  food in N aked  C r e e k .  A body of w a te r  
may suppor t  anyw here  from a few  to  a s  many a s  60 s p e c i e s  of t h e s e  i n ­
s e c t s ,  and  more th an  30 s p e c i e s  have  b e e n  reported  from produc t ive  a r e a s  
of s t r e a m s  (Pennak 1978) .  In a d e t a i l e d  e c o lo g ic a l  s tu d y  of Doe Run in 
Kentucky,  M in ck ley  (1963) w as  ab le  to  iden t i fy  15 s p e c i e s  of ch i ronomids  
and s u g g e s t s  t h a t  th e re  were  p robab ly  many more t h a t  he did not f ind or 
cou ld  not  id e n t i fy .  S im i la r ly ,  a t  l e a s t  th re e  s p e c i e s  of Ephemerella  
occ u r re d  in N aked  C ree k  b e c a u s e  I w as  ab le  to  iden t i fy  th re e  d i f fe ren t  
s u b g e n e ra .  U n fo r tu n a te ly ,  h o w ev e r ,  r e l a t i v e ly  few  of the  Ephemerel la  
in f i s h  s to m a c h s  were  id e n t i f i a b le  to  s u b g e n u s ,  and most  of t h o s e  t h a t  
were  id e n t i f i a b le  were  in th e  su b g e n u s  E p h e m e re l l a . A s im i la r  s i tu a t io n  
e x i s t s  r ega rd ing  th e  mayfly  f a m i l i e s  H e p ta g e n e id a e  and  S ip h lo n u r id a e .
It i s  a l s o  i n t e r e s t i n g  to  no te  t h a t  in two fam i l i e s  w hose  members  were 
u s u a l l y  keyed  to  g e n u s ,  H y d ro p sy ch id a e  and H y d r o p t i l i d a e , th e re  were 
marked d i e t a r y  d i f f e r e n c e s  b e tw e e n  th e  two f i sh  a t  th e  g e n e r ic  l e v e l  th a t
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w ere  o b s c u r e d  a t  t h e  f am i ly  l e v e l .  The g e n e r a l l y  h igh  v a l u e s  t h a t  I h av e  
r e c o rd e d  fo r  d i e t a r y  o v e r l a p  may r e f l e c t  t h i s  l a c k  of ta x o n o m ic  r e s o l u t i o n .
The f a c t  t h a t  th e  p e a k  u s a g e  of v a r io u s  food i tem s  by  th e  d i f f e re n t  
f i s h  g ro u p s  i s  o f te n  in d i f f e re n t  m on ths  may be  due  to  t h e  u s a g e  of more 
t h a n  o n e  s p e c i e s  w i th in  a food c a t e g o r y  or to  some o th e r  f a c t o r .  C .  
b a i r d i  a t e  l a rg e  num bers  of ch i ro n o m id s  in a l l  m onths  e x c e p t  Ju ly ,  A u g u s t ,  
and  S e p te m b e r .  The on ly  tw o months  in w h ich  C .  g i ra rd i  a t e  more c h i r o ­
n o m id s  t h a n  did C .  b a i r d i  were  July and  A u g u s t .  A lso ,  p e a k  u s a g e  of 
t h e s e  l a rv a e  o c cu r red  in April  for  C .  b a i rd i  and  May for  C .  g i r a r d i . 
S im i la r ly ,  C .  b a i rd i  u s e d  more e p h e m e r e l l i d s  in April  t h a n  in any  o the r  
m o n th ,  w h i le  C .  g i ra rd i  u s e d  more in M a y .  Analogous  s i t u a t i o n s  e x i s t e d  
in th e  u s a g e  of c l a d o c e r a n s ,  s i p h l o n u r i d s , h y d r o p s y c h i d s , and  h y d r o p t i l i d s . 
It s e e m s  t h a t  s u c h  r e s u l t s  co u ld  be  e x p la in e d  by u s a g e  of d i f f e ren t  s p e ­
c i e s  t h a t  p e a k e d  in a b u n d a n c e  a t  d i f fe ren t  t i m e s ,  by c h a n g e s  in the  
h a b i t a t  of  p rey  s p e c i e s  dur ing  t h e i r  l ife c y c l e ,  or m ere ly  b y  s am pl ing  error  
due to  random  l o c a l  v a r i a t io n s  in p rey  a b u n d a n c e .  Many a q u a t i c  i n s e c t s  
( inc lud ing  e p h e m e r e l l id s )  move to w a rd s  the  b a n k s  of th e  s t ream  w hen  th e y  
a re  p rep a r in g  to  em erge  (Hynes  1970) .  The sam e au th o r  a l s o  s t a t e s  t h a t  
c l o s e l y  r e l a t e d  s p e c i e s  of  Ephem ere l la  o f ten  s u c c e e d  e a c h  o th e r  t e m p o ra l ly  
in s t r e a m s .
In s e v e r a l  c a s e s  th e  d i e t s  of  th e  s ix  g roups  of s c u lp i n s  c o n s id e r e d  
in t h i s  s tu d y  a re  o b v io u s ly  r e l a t e d  to  t h e i r  h a b i t a t  p r e f e r e n c e s .  Thorup 
(1964) s t a t e s  t h a t  th e  f a u n a s  a s s o c i a t e d  w ith  c e r t a i n  s u b s t r a t e  t y p e s  a re  
w e l l - d e f i n e d  and  c a n  be  c a l l e d  c o m m u n i t i e s .  This  is  not  an  a b s o lu t e  
d i v i s i o n ,  h o w e v e r ,  s i n c e  it  is  ra re  t h a t  a s p e c i e s  w i l l  be t o t a l l y  a b s e n t
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from o th e r  t h a n  i t s  p re fe r red  h a b i t a t .  S im i la r ly ,  Cummins  (1964) m en t io n s  
th e  f a c t  t h a t  a r e a s  w i th  s lo w e r  c u r re n t  ( d e p o s i t io n a l  a r e a s )  and  a r e a s  w i th  
r a p id ly  f low ing  w a te r  ( e ro s io n a l  a r e a s )  e a c h  h av e  a c h a r a c t e r i s t i c  f au n a  
w i th  s p e c i f i c  a d a p t a t i o n s  to  th e  c o n d i t i o n s  in t h a t  a r e a .  U n fo r tu n a te ly ,  
h a b i t a t  d i v e r s i t y  among members  of s e v e r a l  of t h e  im por tan t  prey t ax a  
e n c o u n te r e d  in  t h i s  s tu d y  ( e . g . ,  C h i ro n o m id ae  an d  Ephem ere l l idae )  p r e ­
c l u d e s  an y  c o m p a r i s o n s  of prey  and  p r e d a to r  h a b i t a t s  w i thou t  e x t e n s iv e  
b e n t h i c  s a m p l in g  and  fu r th e r  t ax o n o m ic  r e s o l u t i o n .  Of th e  p rey  o rg a n ism s  
found in N ak ed  C r e e k  s c u l p i n s ,  t h e  fo l low ing  a re  u s u a l l y  c h a r a c t e r i s e d  a s  
f low ing  w a te r  s p e c i a l i s t s :  S im ul idae  (Hynes 1970; U s in g e r  1956) ,  P s e u d o -  
c lo e o n  (Edmunds e t  a l .  197 6) ,  I so n y c h ia  (Edmunds e t  a l .  197 6; M in ck ley  
1 9 63) ,  G l o s s o s o m a  (Hynes 1970; Kovalak 1978) ,  H y dropsvche  (M inck ley  
1963; W ig g in s  1977) ,  and  C h e u m a to p s y c h e  (Wiggins  1977) .  S imulids  and 
H y d ro p sy c h e  w ere  m o s t  im por tan t  in th e  d ie t  of th e  f a s t  cu r ren t  f i s h e s ,  
im m ature  and  f e m a le  C .  b a i r d i . The former  group w a s  n e v e r  e a t e n  by a d u l t  
C .  g i r a r d i ,  an d  th e  l a t t e r  w a s  n e v e r  e a t e n  by  male or  immature C .  g i r a r d i . 
G l o s s o s o m a  w a s  a r e l a t i v e l y  ra re  food item but  w as  c o n f in ed  to  th e  d ie t  
of immature  C .  b a i r d i .  C h e u m a to p s y c h e  w a s  n e v e r  e a t e n  by  a d u l t  C .  
g i r a rd i  and  w a s  m os t  im por tan t  to  m ale  and  immature C .  b a i r d i . All th re e  
g roups  of C .  b a i rd i  u s e d  P s e u d o c lo e o n  to  a m odera te  d e g re e  a s  a food 
i t e m .  O n ly  im m atu res  among C .  g i r a rd i  u s e d  t h i s  food g ro u p ,  and  th e y  
u s e d  it  l e s s  t h a n  d id  any  g roup  among C_. b a i r d i . I so n y c h ia  w a s  n ev e r  
e a t e n  by  m a le s  of e i t h e r  s p e c i e s ,  b u t ,  s u r p r i s in g ly ,  t h e s e  nymphs  were  
u s e d  m o s t  h e a v i ly  by im m atures  of  bo th  s p e c i e s .  T h u s ,  c u r ren t  d w el l ing  
i n s e c t s  w ere  g e n e r a l l y  b e in g  e a t e n  by  cu r ren t  dw e l l in g  f i s h  w i th  th e  on ly
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s e r io u s  e x c e p t i o n  b e in g  I s o n y c h i a . Of th e  two f i s h  t h a t  were  in te rm ed ia te  
in cu r re n t  p r e f e r e n c e ,  male  C .  b a i rd i  o f ten  s h a re d  food i tem s  with  the  
f a s t e r  c u r re n t  f i s h ,  w h i le  fem a le  C .  g i ra rd i  sh a re d  o n ly  H y d ro p sy c h e  w i th  
t h i s  g roup  bu t  d id e a t  m odera te  numbers  of t h e s e  c a d d i s f l i e s .
S c u lp in  prey  t h a t  a re  g e n e r a l l y  a s s i g n e d  to  s low  cu r ren t  and  so f t  s u b ­
s t r a t e  a r e a s  in c lu d e  O l ig o c h a e t a  (M inckley  1963; Pennak  1978) ,  C la d o ce ra  
(Pennak 1978) ,  C opepoda  (Pennak 1978) ,  and  O xye th i ra  (Wiggins 1977) .  
O l i g o c h a e t e s  n e v e r  o ccu r re d  in f e m a le s  of e i t h e r  s p e c i e s  and  were  d e f i ­
n i t e ly  most  importan t  in the  s low w a te r  f i s h ,  male  and  immature  C .  
g i r a r d i .  All t h re e  g roups  of C .  b a i rd i  and immature  C .  g i ra rd i  a t e  c o p e p o d s ,  
and  th e y  were  m o s t  im por tan t  in immature C .  g i r a rd i .  On th e  o ther  h an d ,  
t h i s  group a l s o  a s s u m e d  a r e l a t i v e ly  important  ro le  in th e  d i e t s  of th e  f a s t  
c u r re n t  f i s h ,  f em a le  and immature C .  b a i r d i ,  dur ing  c e r t a i n  m o n th s .  
C l a d o c e r a n s  were e a t e n  in s im i la r  numbers  by im m atu res  of bo th  s p e c i e s  
p lu s  fem a le  C .  b a i r d i . O xye th i ra  w as  e a t e n  on ly  by immature C .  g i r a r d i . 
T h u s ,  th e  burrowing o l i g o c h a e t e s  and  c a s e - d w e l l i n g  O xye th i ra  (Pennak 
1978) were  o b v io u s ly  m ost  importan t  in the  d ie t  of f i s h  hav ing  h a b i ta t  
p r e f e r e n c e s  s im i la r  to  t h e i r s .  The c o m p a ra t iv e ly  f requen t  u s e  of c o p ep o d s  
and  c l a d o c e r a n s  by  c u r r e n t - d w e l l i n g  f i s h  may be e x p la in e d  by th e  f a c t  
t h a t  t h e s e  two g roups  of c r u s t a c e a n s  a re  g e n e r a l l y  a d a p te d  fo r  a p l a n k -  
to n ic  e x i s t e n c e  in le n t ic  h a b i t a t s  (Pennak 1978) .  A cco rd ing ly ,  th e y  are  
no t  v e ry  d e n s e  and a re  poor sw im m ers .  They a r e ,  t h u s  p robab ly  more 
s u s c e p t i b l e  to b e ing  ca r r ie d  aw ay  by nea rby  c u r re n t s  th a n  a re  o l i g o c h a e t e s  
and  O x y e t h i r a . F u r the rm ore ,  if t h e s e  c o p e p o d s  and c l a d o c e r a n s  are  among 
t h o s e  t h a t  l ive  in c l o s e  a s s o c i a t i o n  with  d e b r i s  and  a q u a t i c  p la n t s
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(Pennak 1978) ,  t h e n  th e  f e e d in g  a c t i v i t y  of C .  g i ra rd i  n e a r  th e  e d g e  of a 
d e a d  a r e a  may d i s l o d g e  them  in to  th e  cu r ren t  where  t h e y  a r e  p reyed  upon 
by  C .  b a i r d i .
If d i f f e r e n c e s  in  r e s o u r c e  u s e  b e tw e e n  and  w i th in  s p e c i e s  ( such  a s  
t h o s e  t h a t  I h a v e  d e s c r i b e d  in t h e s e  two s c u lp in s )  a r e  not  j u s t  due  to  
random  v a r i a b i l i t y  but  a re  in d ee d  g e n e r a t e d  by  c o m p e t i t i o n ,  t h e n  th e y  
sh o u ld  f i t  in to  lo g i c a l  p a t t e r n s  (Schoener  1974) .  One s u c h  p a t t e r n  t h a t  
S c h o e n e r  (1974) m en t io n s  i s  c o m p le m e n ta r i ty  among n ic h e  d i m e n s i o n s .  If 
more t h a n  o n e  n ic h e  d im e n s io n  i s  im por tan t  in i n t e r -  or  i n t r a s p e c i f i c  e c o ­
lo g i c a l  s e p a r a t i o n ,  t h e n  s im i la r i ty  a lo n g  one  d im e n s io n  s h o u ld  imply 
d i s s i m i l a r i t y  a long  a n o t h e r .  For  e x a m p l e ,  co m p e t i t io n  would  be m in i ­
m ized  if a n im a l s  t h a t  s p e c i a l i z e d  in th e  o c c u p a t io n  of th e  s am e  h a b i t a t  
t y p e  u s e d  d i f fe ren t  foods  w i th in  t h a t  h a b i t a t .  S ch o en e r  (1974) g i v e s  e x ­
a m p le s  from th e  l i t e r a tu re  for  f iv e  co m b in a t io n s  of n i c h e  d im e n s io n s  for  
w h ich  c o m p le m e n ta r i ty  might  e x i s t .  I have  a l r e a d y  d i s c u s s e d  c o m p l e ­
m e n ta r i ty  in d i f fe ren t  h a b i t a t  d im e n s io n s  in t h e s e  two s c u l p i n s ,  and  my 
s tu d y  c o n t a i n s  d a ta  p e r t in e n t  to  a t  l e a s t  one  o th e r  ty p e  of c o m p le m e n ta r i ty .
Food  ty p e  and  h a b i t a t  ty p e  h av e  b e e n  shown to  b e  c o m p lem en ta ry  in 
some a n i m a l s .  S c h o e n e r  (1974) l i s t s  e x a m p le s  of t h i s  phenom enon  in 
b i r d s ,  l i z a r d s ,  f i s h ,  an d  c r u s t a c e a n s .  W ern e r  e t  a l .  (1977) n o te d  t h a t  
la rg em o u th  b a s s ,  M ic ro p te ru s  s a l m o i d e s , and  b lu e g i l l  Lepomis  m a c ro -  
c h i r u s ,  w ere  u n u s u a l  among th e  m embers  of a mixed c e n t r a r c h id  com m u­
n i ty  in t h a t  t h e i r  p re fe r red  h a b i t a t s  were  very  s im i l a r .  Their  food h a b i t s  
w e r e ,  h o w e v e r ,  m ark ed ly  d i f f e r e n t .  Also working w i th  f i s h ,  Keast (1977) 
n o te d  s im i la r  but  in tra  s p e c i f i c  p a t t e r n s  in r o c k b a s s ,  Am blop l i tes  r u p e s t r i s .
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and  b l u e g i l l .  In t h e  former  s p e c i e s ,  y e a r  c l a s s e s  d i f fe red  in d i e t s  bu t  
no t  in h a b i t a t s ,  w h i le  in th e  l a t t e r  t h e  r e v e r s e  w a s  t r u e .  As I i n d i c a t e d  
a b o v e ,  h o w e v e r ,  h a b i t a t  and  d i e t  a re  p robab ly  no t  in d e p e n d e n t  n ich e  
d i m e n s i o n s  in  t h e s e  s c u l p i n s .  In f a c t ,  S ch o e n e r  (1974) n o t e s  t h a t  th e r e  
a re  more c a s e s  in th e  l i t e r a tu re  w h e re  s im i la r i ty  a lo n g  one  n ic h e  d im e n ­
s io n  im p l ied  s im i la r i ty  a long  a n o th e r  t h a n  th e r e  a re  of c o m p le m e n ta r i ty .
He fu r th e r  s t a t e s  t h a t  t h i s  f a c t  is  p robab ly  due  to  th e  r ec o g n i t io n  (on th e  
par t  of  t h e  r e s e a r c h e r )  of d im e n s io n s  t h a t  a re  not  i n d e p e n d e n t .  N e v e r t h e ­
l e s s ,  t h e r e  are  t r e n d s  in my d a ta  t h a t  s eem  to  i n d i c a t e  f o o d - h a b i t a t  c o m ­
p l e m e n t a r i t y .  M a le  and  immature  C .  g i ra rd i  o c c u p y  q u i te  s im i la r  h a b i t a t s , 
b u t ,  m ature  m a le s  a re  o b v io u s ly  l a rg e r  th an  im m atures  and s h o u l d , t h e r e ­
f o r e ,  b e  a b l e  to  c o n su m e  l a rg e r  prey (un le ss  mouth  w id th  r e a c h e s  a 
maximum b e fo re  m a tu r i ty ) .  A cco rd in g ly ,  s m a l l  food i tems s u ch  a s  c h i r o -  
nom ids  and  c o p e p o d s  w ere  more im por tan t  in t h e  d i e t  of immature C .  
g i ra rd i  t h a n  in t h a t  of  m a l e s ,  w hi le  r e l a t i v e l y  la rge r  ( e s p e c i a l l y  in c r o s s  
s e c t io n )  e p h e m e r e l l i d s  an d  t r i c o r y th id s  w ere  more im por tan t  in m a l e s .
On the  o th e r  h a n d ,  two r e l a t i v e l y  la rge  good  t y p e s  t h a t  a re  g e n e r a l ly  more 
im por tan t  in f low ing  w a t e r ,  I so n y c h ia  an d  C h e u m a t o p s y c h e , were  e a t e n  
o n ly  by  immature  C .  g i r a r d i .  A lso ,  male  and  immature  C .  g i r a rd i , o v e r ­
lap p ed  more w i th  e a c h  o t h e r  in d i e t  t h a n  th e y  d id  w i th  any  o th e r  group 
e x c e p t  f e m a le  C .  b a i r d i . Among th e  g roups  of C .  b a i r d i ,  m a le s  and  im ­
m a tu re s  w ere  m o s t  s im i la r  in s u b s t r a t e  p r e f e r e n c e ,  w hi le  f e m a le s  and  
im m atu res  were  m o s t  s im i la r  in c u r re n t  p r e f e r e n c e .  According to  Bai ley  
(1952) f e m a l e s  shou ld  have  na r ro w er  mouths  t h a n  m a le s  and  s h o u ld ,  t h e r e ­
f o r e ,  be  in an  in te rm e d ia te  p o s i t i o n  b e t w e e n  m a le s  and  im m atures  in th i s
103
c h a r a c t e r .  The c o m p lex  h a b i t a t  d i v i s i o n  p lu s  t h i s  c o m p lex  s i z e  d i v i s io n  
m a k e s  t h e  in t e rp r e t a t i o n  of  a n y  p o s s i b l e  c o m p le m e n ta r i ty  in C .  b a i rd i  
q u i t e  d i f f i c u l t .  P e rhaps  t h i s  i s  th e  r e a s o n  t h a t  w hen  one  c o m p a re s  t h o s e  
i t e m s  t h a t  a r e  more im por tan t  to  t h e  d i f fe ren t  g ro u p s  of C .  b a i r d i ,  a c o n ­
fu s in g  m o s a i c  of  s m a l l  a n d  la rge  i tem s  e m e r g e s .  No c o n s i s t e n t  p a t t e r n s  
w ere  d e t e c t e d  among t h e s e  t h r e e  f i s h  g roups  in t h e i r  u s e  of t h e i r  tw o  m ost  
im por tan t  food i t e m s ,  ch i ro n o m id s  and  e p h e m e r e l l i d s . This  i s  d e s p i t e  
th e  f a c t  t h a t  one  of  t h e s e  i s  a r e l a t i v e ly  sm a l l  food i t e m ,  and  th e  o the r  
i s  a r e l a t i v e l y  l a rg e  o n e .  Some d i f f e r e n c e s  r e l a t e d  to  mouth  w id th  may 
be  s e e n  in th e  f a c t  t h a t  th e  v e ry  sm a l l  i t em s  C o pepoda  and  C la d o ce ra  
w ere  m o s t  im por tan t  in  f e m a l e s  and  im m a tu re s ,  b u t  th e n  one  m u s t  ex p la in  
why h y d ro p t i l id s  an d  C h e u m a to p s y c h e  were  m o s t  im por tan t  to  m a le s  and 
im m a tu re s .  D ie t  o v e r l a p  v a l u e s  i n d i c a t e d  t h a t  th e  two la rge r  g roups  of C .  
b a i r d i , m a le s  an d  f e m a l e s ,  g e n e r a l ly  o v e r l a p p ed  l e s s  w i th  e a c h  o th e r  t h a n  
t h e y  d id  w i th  im m a tu re s ,  bu t  i n t r a s p e c i f i c  o v e r l a p  v a l u e s  were  n e v e r  l e s s  
t h a n  0 . 6 6  in t h i s  s p e c i e s .  It i s  o b v i o u s ,  t h e r e f o r e ,  t h a t  two g roups  of C .  
g i r a rd i  in h a b i t in g  s im i la r  h a b i t a t s  do pa r t i t io n  th e  a v a i l a b l e  fo o d ,  and 
th a t  t h i s  p a r t i t i o n in g  may b e  r e l a t e d  to  mouth s i z e .  The t r e n d s  in C .  
b a i r d i  a re  c o n f u s i n g ,  but  p e rh a p s  a s tu d y  com par ing  a c t u a l  food s i z e  (by 
m e a s u r in g  gu t  i tem s)  or  com par ing  fo o d s  a t  th e  s p e c i e s  l e v e l  would  be 
e n l i g h t e n i n g .  It  i s  a l s o  i n t e r e s t i n g  in t h i s  reg a rd  t h a t ,  a l th o u g h  food 
d i f f e r e n c e s  do e x i s t  b e tw e e n  th e  two  immature g r o u p s ,  m os t  of th e  major  
food t y p e s  a r e  s h a r e d .
In sum m ary ,  C o t tu s  b .  b a i r d i  and  C o t tu s  g i ra rd i  in Naked  C r e e k ,  
Virginia do p a r t i t i o n  th e  a v a i l a b l e  r e s o u r c e s .  N ic h e  d im e n s io n s  involv ing
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h a b i t a t  s e e m  m ost  im p o r ta n t ,  b u t  much work r e m a in s  to  be  d o n e  on  food 
s i z e ,  food  t a x a ,  an d  p o s s i b l e  t e m p o ra l  p a r t i t io n in g  b e t w e e n  t h e s e  s p e c i e s .  
The e c o l o g y  of  t h e s e  tw o  f i s h  in a l l o p a t ry  and in o th e r  a r e a s  of sym pa t ry  
p lu s  th e  sp a w n in g  of C .  g i ra rd i  a l s o  rem a in  to  be  s t u d i e d .
APPENDIX A
DETAILS OF COLLECTING TRIPS TO NAKED CREEK
N o s ,  of F i s h  Taken 
D a te  S ta t ion  iC. b a i r d i  C .  g i r a rd i  Com m ents
9 - 2 1 - 7 5 6 3 2
1 1 - 1 5 - 7 5 6 4 1
4 - 2 4 - 7 6 5 16 0
4 - 2 4 - 7 6 6 17 1
5 - 2 2 - 7 6 5 5 0
5 - 2 2 - 7 6 6 0 0
5 - 2 3 - 7 6 5 5 1
6 - 2 0 - 7 6 4 7 1
6 - 2 0 - 7 6 5 11 8
7 - 7 - 7 6 1 2 1
7 - 7 - 7 6 2 0 6
7 - 7 - 7 6 7 9 2
7 - 2 5 - 7 6 4 15 5
7 - 2 5 - 7 6 5 12 4
8 - 1 4 - 7 6 1 1 1
8 - 1 4 - 7 6 2 0 4
8 - 1 5 - 7 6 4 2 6
8 - 1 5 - 7 6 5 7 1
8 - 1 5 - 7 6 7 18 2
9 - 2 5 - 7 6 4 15 1
9 - 2 5 - 7 6 5 16 2
1 0 - 3 1 - 7 6 6 2 0
1 1 - 1 - 7 6 4 25 8
1 1 - 1 - 7 6 5 7 5
1 1 - 1 - 7 6 7 0 0
2 - 1 0 - 7 7 3 11 6
2 - 1 0 - 7 7 4 20 4
2 - 1 0 - 7 7 5 10 0
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Very f ew  f i s h  of an y  kind in a r e a .
D ead  a r e a s  c o v e re d  b y  ice  with  
s e v e r a l  s p e c i e s  of f i s h  ( in c lu d ­
ing both  s c u l p i n s ) u n d e m e a t h .  
S tream a lm o s t  c o m p le t e ly  f ro z e n  
o v e r .  C o l l e c t e d  from sm a l l  
o p e n  r if f le  a r e a .
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D a te
2 - 1 0 - 7 7
3 - 5 - 7 7  
3 - 5 - 7 7  
3 - 5 - 7 7
3 - 5 - 7 7
3 - 5 - 7 7
3 - 1 9 - 7 7
3 - 1 9 - 7 7
3 - 1 9 - 7 7
4 - 1 6 - 7 7
4 - 1 6 - 7 7
4 - 1 6 - 7 7
5 - 1 1 - 7 7
5 - 1 1 - 7 7
5 - 1 1 - 7 7
6 - 2 5 - 7 7
6 - 2 5 - 7 7
6 - 2 5 - 7 7
APPENDIX A (Continued)
N o s ,  of  F i s h  Taken  




















Stream m o s t ly  f ro z e n  o v e r .  
F i s h  s t i l l  s c a r c e  in a r e a .
Two p e o p le  s e a r c h e d  fo r  n e s t s  
for  30 m in .  S ea rch ed  from d e ad  
a r e a s  to  r i f f l e s .
Two p eo p le  s e a r c h e d  for  n e s t s  
fo r  30 m in .  S ea rch ed  from d e a d  
a r e a s  to  r i f f l e s .  No n e s t s .
Two p eo p le  s e a r c h e d  for  n e s t s  
for  15 m in .  S ea rched  from d ea d  
a r e a s  to  r i f f l e s .  No n e s t s .
Three peo p le  s e a r c h e d  fo r  n e s t s  
fo r  20 min .  S ea rched  from d e ad  
a r e a s  to  r i f f l e s .  Two n e s t s  
found  in c u r r e n t .  One g u a rd ed  
by  m ale  C .  b a i r d i . No C .  
g i ra rd i  in a re a  of n e s t s  bu t  many
C . ba i r d i .
F i s h  s t i l l  s c a r c e  in a r e a .
Two p eo p le  s e a r c h e d  for  n e s t s  
fo r  20 m in .  S ea rched  from d e a d  
a r e a s  to  r i f f l e s .  Nine  n e s t s  
found in cu r ren t :  5 g u a rd e d  by 
m ale  C .  b a i r d i . Only  one  C .  
g i r a rd i  in n e s t i n g  a re a  bu t  
m any  C .  b a i r d i .
One p e r so n  s e a r c h e d  wi th  m a s k  
and  s n o rk e l  for  25 m in .  in very  
d e e p  a rea  b e tw e e n  s t a t i o n s  2 
and  3 .  No n e s t s  or  s c u lp in s  
s e e n .
Two p eo p le  s e a r c h e d  for  n e s t s  
for  45 m in .  S ea rched  from d e a d  
a r e a  to  r i f f l e s .  No n e s t s .
Two p eo p le  s e a r c h e d  for  n e s t s  
for  15 m in .  S ea rched  from d e a d  
a r e a s  to  r i f f l e s .  No n e s t s .
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APPENDIX A (Continued)
N o s ,  of  F i s h  Taken 
D a te  S ta t io n  C .  b a i r d i  C .  g i ra rd i
8 - 2 7 - 7 7  4 55 18
8 - 2 8 - 7 7  4 14 6
Com m ents
APPENDIX B
SAMPLE SIZES USED IN MANN -WHITNEY OR KRUSKAL-WALLIS TESTS
(b = C o t tu s  b a i r d i ,  g = C o t tu s  g i r a r d i ,  m = m a l e ,  f = f e m a l e . i = immature)
D a te  S ta t ion  mb fb ib mg fg ig
2 - 1 0 - 7 7 3 4 3 3 0 0 2
2 - 1 0 - 7 7 4 6 3 8 0 0 4
2 - 1 0 - 7 7 5 2 0 7 0 0 0
3 - 5 - 7 7 1 0 0 3 0 0 0
3 - 5 - 7 7 2 0 0 0 0 0 7
3 - 5 - 7 7 3 2 5 4 0 0 0
3 - 5 - 7 7 5 0 2 1 0 0 0
3 - 1 9 - 7 7 3 0 0 9 0 0 8
3 - 1 9 - 7 7 4 11 0 4 0 0 3
4 - 1 6 - 7 7 4 6 2 14 0 0 8
4 - 1 6 - 7 7 5 2 0 6 0 0 5
5 - 1 1 - 7 7 1 0 0 8 2 2 8
5 - 1 1 - 7 7 2 0 0 0 2 0 5
5 - 1 1 - 7 7 4 3 5 7 2 1 6
6 - 2 0 - 7 6 5 3 0 8 0 2 4
6 - 2 5 - 7 7 4 2 1 7 0 1 5
6 - 2 5 - 7 7 5 0 1 10 2 1 2
7 - 2 5 - 7 6 4 0 3 4 0 0 4
7 - 2 5 - 7 6 5 1 3 3 0 0 0
8 - 2 7 - 7 7 4 3 3 19 3 5 4
8 - 2 8 - 7 7 4 0 0 11 0 0 5
1 1 - 1 - 7 6 4 2 1 13 1 0 4
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